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PREFACE. 


ITHIN the last few years many admirable text-books of 
bacteriology have been published in the English language, which 
place before the student the essentials of bacteriological technique and 
the more widely accepted facts relating to the distribution and characters 
of the micro-organisms pathogenic to man and the domesticated animals. 
In such works a single chapter is the utmost space which can be 
allotted to the consideration of a single organism, however great its 
importance, and much of this space is necessarily devoted to a 
description of its morphology and cultural characters. Questions 
dealing with the history of its discovery, mode of distribution, relation 
to other organisms and practical diagnosis, as well as those concerning 
the epidemiology, pathology, prevention and serum therapeutics of the 
disease which it produces, many of which are involved in great obscurity, 
have to be discussed in a few paragraphs. 

Besides these works, which deal shortly with all the species of 
bacteria pathogenic to man, a few monographs and reports have been 
published dealing exhaustively with special points in the bacteriology 
or prevention of certain diseases. 

To the advanced student, the bacteriologist, the physician, and 
medical officer of health these works are insufficient, and for further 
information he must turn to separate papers, scattered over a number 
of years throughout the various English and foreign journals and 
special publications, many of which are inaccessible. The desired 
references are frequently difficult to obtain and their verification 
involves the expenditure of much time and labour. 

Much of the energy employed in these researches might be avoided 
if works dealing exhaustively with the bacteriological aspect of each 
infective disease were accessible. 

The purpose of this volume is to partially fill this want by placing 
before the reader a full account of the bacteriology of diphtheria, the 
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disease in which bacteriological methods are most commonly employed, 
not only in diagnosis but also in prevention and treatment. 

The various chapters deal with the events which led up to the 
discovery of the diphtheria bacillus; the epidemiology and pathology 
of the disease ; the morphological, cultural and pathogenic character- 
istics of the diphtheria bacillus and the organisms which resemble it, 
and their relationship to one another; the distribution of the diphtheria 
bacillus and organisms resembling it in men and animals; the occurrence 
of diphtheria and diseases simulating it in man and animals, and the 
relationship of the latter to diphtheria; the modes of infection and the 
methods of prevention; the practical and theoretical considerations 
involved in the manufacture of toxins and antitoxins and the results 
of antitoxin treatment. 

Well-established facts have been described as briefly as possible, 
but where differences of opinion exist the views of both sides have 
been stated at length, and in all cases references are quoted for the 
statements which are made. 

Though it is hoped that the reader will seldom find it necessary to 
refer to the original papers, a very full bibliography has been given at 
the end of the volume. 

Except in regard to the characters of the membranes produced by 
the diphtheria bacillus and certain other organisms, the lesions due to 
injections of antitoxic sera (serum-sickness), and the occurrence of 
atypical forms of the disease, whose recognition is of importance in 
checking outbreaks, the clinical manifestations have not been discussed, 
as these are adequately dealt with in works on medicine. 

The work is divided into six Sections, contributed by authors who 
have given special attention to the subjects discussed in each, and who 
are responsible for the opinions expressed. 

We believe that the brief biographical notes accompanied by 
portraits of Bretonneau, who distinguished diphtheria as a specific 
affection and gave the disease its name, of Loeffler, who discovered 
the specific bacillus, of von Behring, who discovered the specific remedy, 
and of Roux, who practically applied the remedy to the cure of the 
disease in man, will be welcomed by many readers. 

We desire to express our sincere thanks to Prof. Wesbrook for 
permission to reproduce plates VII and VIII (from Trans. Amer. Pub. 
Health Assoc. XxV. 1899), to Dr Denny for plate IX (from Journ. of 
Med. Research, 1X. 1903), to Dr Hill for plate X (from Annual Report 
of the Boston Board of Health, 1901), to Prof. Abbott for plate XIII 
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(from Assoc. of Amer. Physicians, 1893, and Johns Hopkins Hosp. Bull. 
Iv. 1893), to Dr Gordon for figures 2 and 5, plate XII, and figures 1, 2 
and 3, plate XIV (from Local Government Board Report, Appendix B, 
1901-2), to Drs Weaver and Tunnicliffe for figures 5 and 6, plate XIV 
(from Journ. of Infectious Diseases, 1. 1905), to the editors of the 
Journal of Hygiene for plates VI, XV and XVI, and to Dr James 
Ritchie for the photograph from which figure 1, plate XI, was re- 
produced. 

In conclusion we desire to state that the University Press contem- 
plate the publication of similar volumes dealing with the chief infective 
diseases, if this work meets with the approval of those for whom it is 
intended. 

Goals FEN: 
G. 8. G.-S. 
CAMBRIDGE, 
January 1908, 


PREFACE TO SECOND ISSUE. 


HE conclusions arrived at in the papers which have been published 

since the issue of this book have mainly confirmed the opinions 
advocated init. In this re-issue it has, therefore, been thought sufficient 
to give a supplementary bibliography recording the more important 
work published since 1908. For the convenience of those who are 
interested in special aspects of the subject, the references have been 
arranged under several headings—bacteriology, carriers, miscellaneous, 
skin lesions, toxin and antitoxin, treatment, avian diphtheria. The 
reader should remember, however, that several of the papers deal with 
more than one aspect of the subject. In many instances the contents 
and conclusions are sufficiently indicated in the titles, and when this is 
not the case a very brief summary of the contents has been added. 


Coen Hoe: 
Gaus. Ges. 


CAMBRIDGE, 
May, 1913. 


Vili Biographical Notes 


. BRETONNEAU. 


Prerre-Fidéle Bretonneau’ was born 8rd April 1778 at St Georges- 
sur-Chez in the Province of Touraine. His father and several of his 
ancestors had been medical men. In 1795 he went to the Ecole de 
Santé de Paris where he diligently studied chemistry, anatomy and 
surgery. After passing his medical examinations he went to Chenon- 
ceaux as “officier de Santé,” but subsequently took his M.D. in Paris 
in 1815. He next became physician to the hospital at Tours, where he 
devoted his time to clinical and post-mortem work, paying special 
attention to the study of fevers. By the year 1818 he had become 
convinced that diphtheria in its various forms constituted a specific 
disease to which he gave the name “diphthérite.” In 1825 he 
introduced the operation of tracheotomy. His writings exerted a 
great influence upon his contemporaries. He died at Passy 18th 
February 1862. 


1 A very full account of this eminent physician will be found in the following works, 
for the loan of which we are greatly indebted to Professor Roux. 

Bretonneau et ses Correspondants, ouvrage comprenant la correspondance de Trousseau 
et de Velpeau avec Bretonneau publié avec une biographie et des notes par Paul Triare et 
précédé d’une introduction de L. Lereboullet, Vol. 1. 596 pp. Paris. Félix Alcan. 

Les Ancétres de Bretonneau par le Dr Louis Dubreuil-Chambardel. 2éme. éd. avec 
Portraits. Paris. A. Maloine, 1905. 


PIERRE-FIDELE BRETONNEAU, 
born 3 April 1778, 
died 18 February 1862, 


FRIEDRICH AUGUST JOHANNES LOEFFLER 


Biographical Notes ix 


LOEFFLER. 


Friedrich August Johannes Loeffler was born 24th June 1852 at 
Frankfort a. O. He studied medicine in Wiirzburg and subsequently 
in Berlin. He served as a hospital assistant in the Franco-Prussian 
war. He graduated M.D. in 1874, and was subsequently stationed as 
a military surgeon in Hanover and Potsdam, where he practised 
medicine. In 1879 he was ordered to the Imperial Health Depart- 
ment together with Hiippe and Gaffky, and subsequently worked with 
Robert Koch until 1884, In 1886 he became Privatdocent in Hygiene 
in the University of Berlin, and two years later went to Greifswald as 
Professor of Hygiene. During the last few years he has also held the 
post of Rector of the University (1903-7). In 1905 he was raised to 
the rank of Generalarzt. 

The importance of his bacteriological work, which has covered a 
very wide range, may be judged from the following brief summary of 
his discoveries.. In 1882 he discovered the bacillus of glanders and 
shortly afterwards-the bacillus of diphtheria. He also discovered the 
organisms which give rise to diphtheria-like diseases in pigeons and 
calves (1882), the bacilli which cause Schweinrothlauf (1885) and 
Schweineseuche, and the Bacillus typhi murium (1891), which has 
been extensively used in combating plagues of mice. He was the 
first to show experimentally that animals which have recovered from 
a bacterial disease are immune from a second infection with the same 
organism. In conjunction with Abel he demonstrated the formation of 
protective substances in the blood of animals treated with B. typhosus 
and B. coli. More recently (1897-1900) he has carried out extensive 
experiments on Foot and Mouth Disease. Besides the foregoing he 
has published numerous papers on disinfection, milk hygiene, sewage 
disposal, the bacteriology of water, a valuable work on the history of 
bacteriology (1887) and numerous reports and contributions on these 
and allied subjects to learned Societies, Congresses and Governments. 

Bacteriological technique is greatly indebted to him for many of its 
standard methods, 

In 1887 with Uhlworm and Leuckart he founded the Centralblatt 
fiir Bacteriologie und Parasitenkunde. 

He has been the recipient of many honorary degrees from German 
and other Universities and many decorations from various Govern- 
ments. . 

He is a Privy Councillor and a Member of the German Imperial 
Council of Health, ete. 


ad 


x Biographical Notes | 


BEHRING. 


Emil von Behring was born 15th March 1854 at Hansdorf near 
Deutsch-Eylau in West Prussia. He studied at the Army Medical 
School in Berlin, graduating M.D. in 1878, and passing the “Staats- 
examen” in 1880. He served in the army in Silesia and Posen, and was 
subsequently stationed at Bonn (1887), where he completed his first 
studies on rat serum in the Pharmacological Laboratory. In 1888 he 
was ordered to Berlin. In the following year he became assistant to 
Robert Koch at the Hygienic Institute, and subsequently worked under 
Koch at the Institute for Infectious Diseases. In 1893 the title of 
Professor was conferred upon him. During 1894 he temporarily filled — 
the Chair of Hygiene in Halle, and in the following year became 
Professor of Hygiene in the University of Marburg, where he still 
occupies the position of Director of the Hygienic Institute. 

Amongst his most important publications are papers relating to the 
action of iodoform and other disinfectants (1883—1890), and to the 
discovery of antitoxins for diphtheria and tetanus (in the latter case in 
conjunction with Kitasato), and the following books: De Blutserum- 
Therapie (1892); Gesammelte Abhandlungen zur aetiologischen Therapie 
von ansteckenden Krankheiten (1893); Die Geschichte der Diphtherve 
(1893); Die Bekiimpfung der Diphtherie (1894); Allgemeine Therapie 
der Infektionskrankheiten (1898); Beitrage zur experimentellen Therapie 
(1900-6) ; Behringwerk-Mitteilungen (1900-7). He has also published 
many shorter papers on experimental therapeutics in relation to anthrax 
and streptococcal infections, the hygiene of milk supply, water, etc. 

A number of his more important addresses have also been published. 

During 1901-4 he was chiefly occupied with experimental studies 
on the prevention of bovine tuberculosis. Since 1905 he has been 
engaged on studies on the collection of milk by aseptic methods, and 
its preservation by means of formalin and hydrogen peroxide. The 
results of some of these researches have already been applied in 
practice. 

For his discovery of antitoxin he was awarded the prize of the 
Academie de Médecine and Institut de France (1895) and of the 
Senckenberg Institute of Frankfurt, ete. 

He has been the recipient of many decorations and of many 
distinctions conferred on him by learned Societies. 

In 1901 he received the patent of nobility, and in the same year 
was awarded the Nobel prize. 

In 1903 he was raised to the rank of Wirklicher Geheimer Rath 
with the title of “ Excellency.” 


EMIL VON BEHRING. 


PIERRE PAUL EMILE ROUX. 


Biographical Notes : xi 


ROUX. 


Pierre Paul Emile Roux! was born 17th December 1853 at 
Confolens (Charente). He commenced to study medicine at Clermont- . 
Ferrand, where he worked at chemistry under Duclaux (1872). At the 
conclusion of his medical studies in 1878 he entered Pasteur’s labor- 
atory at the Ecole Normale and from that time till the death of 
Pasteur his scientific career was intimately associated with that of his 
renowned colleague. He collaborated with Pasteur in his researches 
upon the etiology of anthrax, the attenuation of various bacteria, and 
the use of attenuated cultures in immunisation (1876—1881). He 
assisted Pasteur in his studies upon rabies which led to the classical 
preventive treatment to that malady. His M.D. Thesis dealt with 
discoveries relating to rabies. 

Since the foundation of the Pasteur Institute in 1888 he has 
devoted himself to technical microbiology, and the course which he 
started in that subject still continues. During 1887—1890 he published 
many papers either alone or in conjunction with Nocard, Chamberland 
and Yersin, the most important of which dealt with the asporogenic 
anthrax bacillus, the cultivation of the tubercle bacillus upon glycer- 
inated agar, the immunisation against anthrax and the vibrio septique, 
and the diphtheria bacillus and its toxins. 

In collaboration with L. Martin he prepared an antidiphtherial 
serum which gave such striking results in practice that doubt could no 
longer be entertained in regard to the value of the remedy. His 
report of the investigations conducted at the Children’s Hospital in 
Paris was read before the International Congress of Hygiene and 
Demography at Budapest in 1894, where it created the greatest 
interest, and impressed all with its importance. The impression 
which it produced was in no small measure due to the lucid and 
convincing manner in which the report was presented by Roux. A 
fund was soon established by public subscription which enabled Roux 
to establish a special department for the preparation of curative sera. 

Upon the death of Pasteur he became Subdirector of the Pasteur 
Institute, and took Pasteur’s place in the Académie de Médecine. 
Since that time he has published important papers in collaboration 
with Metchnikoff and Salimbeni on cholera toxins and antitoxins 
(1896), with Borrel on the treatment of tetanus by intracerebral 
injections (1898) and with Nocard on pleuro-pneumonia in cattle 
1899). 

: His latest researches conducted in collaboration with Metchnikoff 
deal with experimental syphilis. 

In 1899 he was elected a member of the Académie de Sciences, and 
in 1904 he became Director of the Pasteur Institute upon the death of 
Duclaux. 


1 We are much indebted to Dr Mesnil of the Pasteur Institute for the data upon which 
this biographical notice is based. 
Gish. Ma Ny 


G. 8. G.-S. 
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THE HISTORY OF DIPHTHERIA. 


By F. LOEFFLER. 


The earliest records of diphtheria, p. 1.—The epidemic of the 16th century 
in Spain and the subsequent extension of the disease, p. 6.—Distribution of 
diphtheria in the 19th century, p. 15.—Earlier opinions on the nature of the 
disease, p. 16.—Experiments on animals, p, 18.—The rise of bacteriology, p. 21.— 
The discovery of the Diphtheria bacillus by Loeffler, p. 28.—The investigations of 
other workers, p. 37.—Studies on diphtheria toxin, p. 45.—Local treatment of 
diphtheria by chemicals, p. 47.—The discovery of antitoxins and their application 
in the treatment of diphtheria by Behring, Roux and others, p. 48. 


The Earliest Records of Diphtheria. 


How long has diphtheria been known as a specific disease? Were 
the old physicians of the school of Hippocrates acquainted with it ? 
The difficulty of answering these questions can be appreciated when we 
remember that in modern times the clinical features of diphtheria were 
first clearly grasped and described by Bretonneau in the early part of the 
last century, and that more than fifty years elapsed before the discovery of 
the causative organism enabled us to differentiate clearly this disease from 
those which resemble it. On the one hand the occurrence of epidemics, 
especially amongst children, and the characteristic clinical manifestations, 
render diphtheria an easily recognisable disease even to laymen, and we 
are consequently forced to the conclusion that the old Greeks, Hippocrates 
and his pupils, had no knowledge of it. We find in the writings of 
these physicians the most exact and minute accounts of various diseases 
of the throat, pharynx, and air-passages, but not one of these accords 
with the picture of diphtheria, and if it had occurred such excellent 
observers would not have failed to recognise it. Even in the writings 
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of Celsus, Soranus, Galen and Caelius Aurelianus no mention is made 
of this disease. 

On the other hand the disease appears to have been perfectly well 
known in Egypt, Syria and Palestine, even in ancient times. This 
is proved by the repeated references to it in the Babylonian Talmud 
(Wiinsche 1886, Strack 1894)!, a work, which, though it only appeared 
in the fifth century, transmitted the old Jewish traditions. In the 
Berachoth Treatise the following passage occurs: “There were created 
903 kinds of death in the world...the hardest of all angina (according 
to Strack “Askara”), the easiest of all Kuss. Angina is like a brier 
in a bundle of wool which one casts behind one (for it is as difficult 
for the soul to leave the body as it is to remove a brier from a bundle 
of sheep’s wool). According to some it is like unto a ship’s cable in 
the opening of the throat (for a ship’s cable can only be drawn with 
difficulty through a small hole). The Kuss is ike unto a hair which 
one draws out of milk.” 

Askara we should now translate as diphtheria. According to Strack 
the word can be connected with the verb sakhdr, to stop up, and 
would therefore designate a disease which chokes, 

This view is supported by other passages in the Schabbath? and 
Thaanith? Treatises. 


1 See Bibliography. 
2 «Die Rabbinen haben iiberliefert: Die Braune kommt in die Welt nur wegen des 
Zehnten. Nach Rh. Eliaser bar R. Josse kommt sie wegen der Verleumdung. Raba oder, 
wie manche sagen, R. Joshua Ben Levy hat gesagt: ‘Aus welcher Schriftstelle lasst sich 
das beweissen?’ Aus Psalm 63. 12: ‘Und der Konig freut sich in Gott, es riihmt sich, wer 
ihm Treue schwort, denn er vertilgt den Mund der Verleumder,’ oder nach Strack: ‘denn 
verstopft werden soll der Mund der Liigenredner.’ ” 

That the disease was one which specially menaced children is clear from the following 
passage (fol. 33a—34a) : 

‘‘ Hierauf nahm R. Simeon das Wort und sprach: ‘Sie kommt wegen der Siinde der 
Vernachlassigung der Thora.’ Da hielten sie ihm ein: ‘Frauen, welche ihre Manner, 
Fremde, welche Israel, und Kinder, welche ihre Vater vom Thorastudium abhalten, 
beweisen doch das Gegenteil? Ferner beweisen doch auch Schulkinder das Gegenteil ? 
Nein, es ist so, wie R. Gurjon erklart hat; denn dieser oder, wie andere meinen, 
Rab Joseph bar Schemaja hat gesagt: ‘Zu der Zeit, wo Gerechte im Zeitalter sind, da 
werden diese fiir das Zeitalter in Anspruch genommen (sie leiden fiir das Geschlecht) ; 
sind keine Gerechten im Zeitalter da, so werden die Schulkinder fiir das Zeitalter in 
Anspruch genommen,’” 

3 In the Thaanith Treatise (fol. 276) the following passage occurs : 

‘*...und die Standmanner (eine Vertretung des Volkes beim Kultus in Jerusalem) 
kamen in das Versammlungshaus und fasteten vier Tage, am 2., 3., 4., und 5. Wochen- 
tage, am 2. wegen der Seefahrer, am 3. wegen der Wuestereisenden, am 4. wegen der 
Brine (Askara), das sie nicht die Kinder befalle.” 
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Its Eastern origin is also indicated by the statement of the celebrated 
Cappadocian physician Aretaeus (Mann, 1858), who lived in Rome at the 
end of the first century. Indeed, he was the first to give us an accurate 
account of pharyngeal diphtheria. After a minute account of the various 
forms of angina, the Cynanche, in which the inflamed tongue, owing to 
its excessive size, protrudes between the teeth, and the Synanche, in 
which the disease, hiding itself in the unseen parts of the chest, as 
it were clasps and torments the sick man inwardly, he describes in 
detail the diseases of the uvula, the ctadvAy, the (wavtiov and the 
kpaomredov and (in the ninth chapter) the ulcers of the tonsils. 


“Ulcers sometimes arise on the tonsils, of which one kind is common, benign, 
and innocuous, the other rare, malignant and fatal. The benign ulcers are clean, 
small, shallow, uninflamed and painless; the malignant forms on the other hand are 
broad, deep, dirty, and covered with a white, bluish or black membrane. The latter . 
are termed Aphthae, except when the disease extends more deeply, when it is called 
an Eschara. At the commencement of the Eschara there appears a vivid redness, 
and inflammation and pain in the veins as in carbuncles; then isolated pustules 
arise, to which new ones are continually added. These pustules coalesce and give 
rise to a broad ulcer. If the disease extends into the buccal cavity it attacks the 
uvula and destroys it, and then passes on to the gums, the tongue, and the angles 
of the mouth. The teeth are loosened and become black, and inflammation appears 
in the neck. Such patients die in a few days from the inflammation, fever, foul 
smell, and defective nutrition. When, however, the disease extends through the 
trachea into the thoracic organs death occurs on the same day by suffocation, for 
the lungs and heart can endure neither the smell nor the ulceration nor the pus, 
which excites coughing and dyspnoea. 

This disease may be produced by eating cold, rough, sharp, astringent things... 
Hence it occurs most commonly in children up to the age of puberty, as these 
generally inhale much cold air, because they have the greatest warmth....As regards 
its local distribution this disease is most commonly found in Hgypt, because in this 
country the air is dry for breathing and the food is varied, consisting of roots, herbs, 
many vegetables, pungent seeds, and thick beverages, either Nile water or sharp 
beer. The disease is very common too in Coele Syria, Hence the ulcers are often 
called Egyptian or Syrian ulcers.” 


This description by Aretaeus does not quite agree with the symptoms 
of diphtheria. It is remarkable that he considers these malignant 
ulcers to be rare, and describes no epidemics. The disease seems 
therefore to have occurred at that time only sporadically as an 
importation from Egypt and Syria, and never appears to have attained 
epidemic dimensions. The remarks of Aretaeus on the treatment of 
this disease are of great interest (“Curative treatment of malignant 
diseases of the throat” in the ninth chapter of the first book on 
the treatment of acute diseases). 
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“The treatment of these diseases is in many respects similar to that which we 
have given for the treatment of diseases of the tonsils. Other special methods 
must, however, be employed. Clysters, venesection, embrocations, cataplasms, 
fomentations, bandages and cupping are used in such cases, just as in inflammation 
of the tonsils where we have the possible danger of choking. The local applications 
must however be more powerful, because the ulcers do not remain circumscribed 
and no scab is formed on the surface, and the sanious inwardly flowing pus continu- 
ally eats deeper and rapidly destroys the still uninjured parts. The cautery might be 
employed, but owing to the narrowness of the parts its application would be attended 
with risk. We may however employ substances which in their action resemble fire 
in order to arrest the extension of the ulcers and promote the casting off of the 
membrane. Alum and honey, oak-gall and pomegranate blossom, and honey mixture 
are suitable for this purpose. These substances may either be blown onto the parts 
by means of a tube or applied to the ulcers by means of a long thick rod or feather. 
A good application consists of calcinated sulphate of iron with powdered tutty and 
vinegar. Two parts of moistened rhubarb root with one part of tutty may also be 
used. Care must be taken to avoid any pressure on the ulcers, because they are then 
apt to moisten and eat further. The dry medicaments should therefore be spread 
by means of a feather and the fluid preparations poured onto the uvula. When 
the crusts become loosened and the ulcers red there is great danger of convulsions 
arising, because the ulcers dry rapidly and thereby cause tension on the nerves. In 
such case we ought to moisten the parts and keep them moist by means of milk 
mixed with starch, barley water, or tragus juice or with linseed or hartshorn seeds. 
In certain cases the uvula is destroyed up to the bony palate, and the tonsils down 
to their bases, and the epiglottis is eaten away. On account of the scar thus 
produced the sick person is unable either to swallow dry or moist substances, and 
even fluids are rejected. Consequently the patient dies of hunger.” 


Almost all the later writers copy Aretaeus. 

The description given by Aetius (1542) of Amida in Mesopotamia, 
who lived in the middle of the sixth century at the court of Justinian 
at Byzantium, is a little more characteristic. In the 46th chapter, 
“de crustosis et pestilentibus tonsillarum ulceribus, ” of the fourth part 
of the second book he writes : 


“Crustosa et pestilentia tonsillarum ulcera ut plurimum nullo praecedente ton- 
sillarum fluxu incipiunt; aliquando autem a consuetis fieri inflammationibus, 
maxime efferatis, perficiuntur. Fiunt autem frequentissime pueris atque etiam 
aetate jam perfectis, maxime his qui vitiosis humoribus abundant, in iis quae vere 
contingere solent pestilentibus constitutionibus. In pueris vero ulcere, quod aph- 
tham vocant, praecedente omnino perficiuntur. Sunt autem partim alba, maculis 
similia, partim cinereo colore, aut similia crustis, quae ferro inuruntur.” 

He warns us against violent removal of the crust and advises a careful application 
of the medicaments: “conandum autem est in universum ne digitum quidem locis 
admoveamus, aut leni saltem tractu manum admoliamur. Etenim inscii ad quos 
maxime in rebus dubiis homines confugiunt, vehementius illinunt, simulque inflam- 
matum locum comprimunt, simulque crustam detrahunt: quod minime facere con- 
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venit prius quam elevatam, et vix innitentem crustam conspiciamus. Quod si enim 
adhaerentem adhuc crustam avellere aggrediamur, ulcerationes magis in profundum 
procedunt et inflammationes consequuntur, augenturque dolores, et in ulcera 
serpentia proficiunt. Itaque sicca quidem remedia insufflare convenit: liquida 
vero cum pinnula illinere; ita ut quantum licuerit quam penitissime pinnulam 
immittamus.” 

(He further says:) “Et febrium quoque curam habere convenit (vehementes 
enim incidere solent) atque in repurgandis explanandisque ulceribus maxime 
sollicitum esse; convulsionem enim infantes plurimi passi sunt in ulcerum repur- 
gatione ; aliqui vero via transglutiendi exsiccata, sunt strangulati. Sunt etiam 
quibus corroduntur gurguliones, atque ubi diutius perstiterint ulcerationes et in 
profundum proserpserint, cicatrici jam inducta, adstrictiorem vocem edunt, reflecti- 
turque ipsis potus in ipsas nares; nam et ego puellam novi, quae post quadragesimum 
tandem diem consumpta est, quum se jam a morbo recolligeret. Verum ad septimum 
usque diem plurimi periclitantur.” 


Aetius was therefore acquainted with paralysis of the palate, a 
frequent sequel of diphtheria. As to treatment he recommends a 
series of astringent plant juices mixed with honey, and more especially 
the application of the dung of dogs which had previously been fed 
upon bones, or the excreta of boys who two days before had been 
fed upon bread and lupins, or in desperate cases dusting with dried and 
powdered crocodile bile or anointing with honey. 

The earliest accounts of epidemics of diphtheria in Western countries 
date from the sixth century. Hirsch (1886) informs us that in the 
chronicle of St Denis of the year 580 a pestilence is mentioned, to 
which the name “ Esquinancie” was given (corresponding to the term 
“ Squinantia ” subsequently applied to angina maligna). Hirsch further 
states that Baronius mentions a throat pestilence at Rome in the year 
856, and another similar plague in the year 1004, which he describes as 
“catarrhus descendens in fauces meatus obstruens suffocatos miseros 
homines confestim mori cogebat.” He also states that Cedrenus! records 
a plague, called by him Cynanche, which prevailed in certain provinces 
of the Byzantine kingdom in the year 1039-and caused great mortality, 
and that Short (1799) mentioned a kind of angina which occurred 
in England in 1389 and carried off a great number of children. He 
also refers to the accounts given by Frank von Wérd, who states 
that an unknown plague became epidemic in the Rhine region, in 
the year 1517, which produced a condition in which the “tongue and 
throat, covered as by a fungus, became white,” and the patients could 
neither eat nor drink. These symptoms were accompanied by headache 


and fever. 
1 See Bibliography. 
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The same disease is also mentioned by Forestus (1588): 


“ Aliter se habuit dolor gutturis, tum inflammatio in illa angina Epidemia, imo 
pestifera, et adeo maligna, et contagiosa, quae tempore M. Johannis Tyengii 
Amstelodamensis medici celebrioris in multos circa principium anni 1517 grassa- 
batur, ut quibus intra sex aut octo horas remedia non adhibebantur, ante sedecim 
vel viginti horas, subito moriebantur ; neque aliquis evadebat (ut perhibetur in 
ejus libello, propria manu scripto) si medico docto non uteretur....” 


In the year 1557 he observed an epidemic in Alemaria, “ gutturis 
morbum,” which affected whole families, and caused the death of over 
200 people in a fortnight. This disease had, however, nothing 
in common with angina, as there were present only pains in the 
neck but no membranes. Sennertus (1628) mentions an epidemic of 
feverish angina in most districts of lower Germany and along the Rhine, 
which carried off many persons. van Wier (1660) gives an account of 
a deadly epidemic which broke out in the year 1564 in the same 
districts, spreading chiefly among children. Many died on the first day 
of the disease, but some lingered on till the third or fourth day, and a 
few even to the seventh. In these districts of lower Germany and in 
Holland the disease since that time appears to have become endemic. 


The Epidemic.of the Sixteenth Century in Spain and the 
subsequent EHatension of the Disease. 


In the second half of the 16th century, about the year 1581, 
there began in Spain a mighty epidemic which, under the name of 
“ Garotillo” or morbus suffocans, has become well known. This epidemic, 
which undoubtedly was an outbreak of true diphtheria, spread up to the 
year 1618 over the whole of the Iberian peninsula and the neighbouring 
islands, and later over the whole of Italy. We have detailed reports 
from a great number of Spanish and Italian physicians upon this 
formidable outbreak. de Fontecha (1611), Villa Real (1611), and 
Herrera (1615) described it in Spain, and Alaymus (1632) and Cortesius 
(1625) in Italy. All of them mention the characteristic white deposits, 
later becoming discoloured, extending over the whole of the pharyngeal 
surfaces. Villa Real, especially, describes the false membranes as being 
so tough and elastic that they could be stretched like moist leather or 
parchment without tearing. Alaymus points out that the disease usually 
begins on the tonsils, uvula or throat, but also may arise in the larynx 
or occasionally in the nose. Death from choking was often observed. 
A horrible smell from the mouth was also commonly present, and was 
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attributed to the affected parts becoming gangrenous. When this 
condition set in death usually took place between the fourth and 
seventh days. Cortesius was convinced that the disease was infectious, 
because many members of the same family became infected. The name 
“Gulae morbus” was given to the disease. After its appearance in 
Naples in the year 1642 the disease died out, and did not appear again 
until the end of the 17th century. A great extension however took 
place in the early part of the 18th century (Hirsch, 1886). Breaking 
out in the year 1701 in the Ionian Islands it spread into Italy, and in 
the year 1715 broke out again in Spain, and raged there in numerous 
epidemics, generally interrupted by long intervals. About the middle 
of the 18th century it became epidemic in France. In the year 1747 
it extended into Italy, where it was carefully observed by Ghisi (1749) 
and described by him under the name “Angina strepitosa perfida 
mortalis.” From France it extended into Holland. 

Gerard van Swieten (1745), the celebrated commentator on 
Boerhaave’s Aphorisms, was undoubtedly acquainted with the disease 
and even treated it successfully with spiritus salis marini (hydrochloric 
acid). In his work on angina inflammatoria he writes as follows: 

“ Est et anginae species palatum, tonsillas occupans, quam frequenter observavi ; 
quae facile curari plerumque solet, licet satis acriter saepe doleant partes. Inprimis 
in scorbuto laborantibus observatur, quandoque etiam epidemicorum more plurimos 
homines occupat, verno praecipue tempore, humidoque et calido aere. Levis febris 
praecedit, sed post aliquot horas evanida ; tuncque dolent fauces hoc illove loco, et 
illas inspicienti apparet macula alba, cujus contigui limites rubent admodum et 
pessime dolent ; caeterum non adeo intumescunt partes affectae. Si negligatur hoc 
malum, proserpunt hae maculae, halitus putridus ore exit, et eroduntur satis saepe 
profunde partes affectae. Spiritus sulphuris per campanam multa dilutus aqua, 
addito rob sambuci et nitro, curat felicissime tales anginas, si saepius de die ore 
continetur. Si jam putridum halitum expirent aegri, et profundius erodi inceperint 
partes, spiritus salis marini guttae triginta vel quadraginta, unciae uni mellis 
rosarum mistae, dant remedium, quod illinitum ilico sistit serpens malum : prodest 
tunc si sempervivi majoris succus cum melle vel syrupo althaeae mistus ore 
contineatur ; postquam spiritus salis marini applicatus fuerit, sic enim dolor 
lenitur pulcherrime. Augetur jam vel minuitur spiritus salis marini quantitas 
pro vario natae putredinis gradu....” 


Eventually the pestilence reached England, where it was minutely 
described by Fothergill (1748) as the “sore throat with ulcers,’ and 
also by Starr (1752), Huxham (1751—1753) and others. About the 
same time it spread over Switzerland, Germany, and Sweden. Simul- 
taneously it was carried to America, and was already epidemic 
in New York in 1771-2. In 1779, according to Caldwell (1816), 
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Washington was seized by the disease at his country seat, Mount 
Vernon, near Alexandria. It spread southwards as far as Jamaica. 

Towards the end of the 18th century the disease once more 
completely died out in Europe. During the great pandemic in the 
middle of the 18th century a phenomenon was observed which had 
hitherto escaped notice, namely, the formation of tubular false mem- 
branes in the larynx and trachea. Ballonius (1762) was the first to 
describe such false membranes in the trachea. In his second book of 
epidemics and ephemerides he relates (p. 148) that three children 
died of dyspnoea, and from its symptoms he called the disease “ affectio 
orthopnoica.” “Dyspnoe erat et obaudibatur strepitus magnus cum 
raucedine.” He points out that this phenomenon could be attributed 
neither to a catarrhus suffocans nor to a failure of the lungs. In 
one case he regarded the phenomenon as an “Indicium adventantis 
rubiolae,’ and then continues: 


‘“‘alius puer annos 7 natus consimili morbo interiit: non est deprehensa tam 
saevi morbi et difficultatis spirandi causa. Eo tempore vagabantur tusses, vulgo 
quintes dictae, de quibus paullo post. Et quod ex intervallis facit quintae tussis 
causa fugax, id facit eadem causa fixa: hic perseverat difficultas spirandi usque ad 
interitum. Filius D. le Noir ista difficultate spirandi interiit, quum raucedinem 
quandam haberet caninam, et tumentes paullum fauces: pulmo erat parte dextra 
vitiosa. Gervasius Honoré socer meus, ita paene suffocatus interiit. Chirurgus 
affrmat, se secuisse cadaver pueri ista difficili spiratione et morbo (ut dixi) 
incognito sublati; inventa est pituita lenta, contumax, quae instar membranae 
cujusdam arteriae asperae erat obtenta, ut non esset liber exitus et introitus 
spiritui externo ; sic suffocatio repentina.” 


Ballonius adds that the disease from which the three children died 
might possibly be akin to the affection which Hippocrates termed 
“pulmo repletus.” In any case it is clear from his description that 
he regarded the disease from which these children died as a new one. 

It is noteworthy that in the 17th century, if we except certain 
statements by Ch. Bennet (1665), Nicolaus Tulpius (1685), Harris 
(cited by Fischer, 1830) and Struve (ibid.), phenomena of this kind 
had not been observed. It is not until the 18th century that we find 
the tracheal form of the disease described together with the pharyngeal 
form by Ghisi (1749) under the name of Angina strepitosa perfida 
mortalis. Ghisi observed that nasal voice and regurgitation of food 
through the nose were common sequelae of the tracheal form of the 
disease, and came to the conclusion that the two types were related. 
In France, epidemics of angina were observed which were characterised, 
especially in children, by the coughing up of tube-shaped false mem- 
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branes from the trachea. Instances of this occurrence are noted by 
Arnaud de Nobleville (1748) in 1747 at Orleans and by Malouin 
(1746—47) in Paris. Starr (1752) in England also described and 
figured such false membranes as products of a disease which he 
called “morbus strangulatorius.” Similar observations were made by 
Middleton (1756) in New York, Langhans (1753) in Switzerland, Nil 
Rosen von Rosenstein (1798) in Sweden, and by van Bergen in 
Frankfort, where an epidemic occurred in 1758. van Bergen called the 
disease “morbus truculentus infantum,” and described the false mem- 
branes in the following terms: 

“Tussi rejecit tubulum membranaceum, qui portio membranae tubulosae per 
ramos bronchiorum durante morbo generata fuit.” 

In the year 1758 a severe epidemic occurred in Barbados, which was 
described by Hillary (1766) under the name “ Catarrhus suffocativus.” 

In 1765 Francis Home published in Edinburgh a small work 
entitled An enquiry into the nature, cause, and cure of croup, in 
which, as the result of the observation of twelve cases, he describes 
a new disease. This disease, known locally on the west coast of 
England as “Chock” or “Stuffing,” was designated by Home from 
its most striking symptoms, shrill voice and difficult breathing, 
“suffocatio stridula.” According to Home it is especially common in 
children, the youngest being the most liable to it. He never observed 
a case in a child over twelve years of age, and never heard of one. He 
considered damp, cold weather in the winter months, and the 
neighbourhood of the sea, as the chief predisposing factors. His 
descriptions include two forms, a benign purely catarrhal form, and a 
malignant form, characterised by the formation of false membrane 
usually in the upper part of the trachea, from which it spread 
downwards. This membrane was often so tough that it could be 
soaked in warm water for as long as four days without being dissolved. 
It was not attached to the underlying parts, and could be easily 
separated from them because there was pus behind it. Where it 
ceased the trachea was covered with pus or purulent mucus. Home 
particularly points out that the new disease, at least in Edinburgh, 
was so rarely observed that a single individual might during the whole 
course of his life only come across a few cases. As to treatment he 
recommends venesection and the local application of leeches, the 
use of blisters round the neck, attention to good evacuations, and the 
inspiration of steam and alcohol vapour. He saw no special utility 
in sudorific substances or in emetics. When the membrane was once 
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formed the only thing was to try to remove it, and for this purpose 
he recommended, in certain cases, tracheotomy. Home’s publication 
aroused the attention of the whole medical world. Everywhere the 
new disease was actively studied, and Home’s statements were repeatedly 
confirmed. While, like Home, some observers only met with sporadic 
cases, others described epidemics. Amongst the latter were Lepécq de 
la Cléture (1778) in the department of the Lower Seine, and Ramsey 
(about 1786) at Chesham. As in the earlier epidemics cases corre- 
sponding to Home’s type were frequently observed, together with 
angina gangrenosa maligna. Samuel Bard (1789), Johnstone (1779) 
and others consequently regarded these conditions as related to one 
another. 

The difficulty of differentiating these diseases was rendered still 
greater by the fact that John Millar (1769) had described, under the 
name of “Asthma acutum,” a disease very similar to croup in its 
clinical symptoms, but differing from it in the absence of cough, the 
rattling rather than whistling tone of the respiration, and absence 
of membrane. In this condition the question remained for more than 
a hundred years, until the discovery of the causal agent of diphtheria 
finally enabled us to classify these diseases on a satisfactory basis. 

The influence exerted by Home’s book is seen from the fact that 
the Société Royale de Médecine of Paris in 1785 offered a prize on 
the subject “Si la maladie connue en Ecosse et en Suéde sous le nom de 
croup ou angine membraneuse existe en France?” Vieusseux (1812) 
in the paper which obtained the prize stated that croup had long been 
known in Geneva, and that it probably existed also in France. The 
essays of the other competitors clearly demonstrated its presence in 
France. These works advanced our knowledge of diphtheria as little 
as the subsequent descriptions of certain epidemics of croup at the 
beginning of the 19th century. One fact alone appeared to be clearly 
established, namely, that croup was becoming less frequent. 

Special interest was again directed to croup when the favourite 
nephew of Napoleon the First, the son of Louis Bonaparte, King of 
Holland, died from it. In consequence of this, Napoleon, on the fourth 
of June 1807, again offered a prize for the best essay on the subject. 
Seventy-nine essays were presented and carefully criticised by Royer- 
Collard (1818), who awarded prizes to Albers (1816) and Jurine (1816) 
The observations of Jurine on the relation of croup to angina 
gangrenosa are specially interesting. “Gangrenous angina, Cynanche 
maligna, or angina gangrenosa is a disease which occurs in a 


F. LOEFFLER 11 


pharyngeal, laryngeal or tracheal form. In the latter form it might 
easily be confused with croup, one of whose symptoms, namely the false 
membrane, it exhibits if it did not at the same time possess other dis- 
tinguishing characteristics.” After describing the course of gangrenous 
angina and the differential diagnosis from croup he continues: “There 
is, however, still another, perhaps also infectious, disease with which 
croup is often confused which deserves the attention of physicians, since 
in a certain number of cases it resembles gangrenous angina, I mean the 
gangrenous angina of children. If we read the reports of writers who 
have described this disease and take into account the predisposition of 
children to it, the rapidity with which the membrane forms, and the 
condition of the spots or ulcers on the tonsils and pharyngeal region, we 
are tempted to doubt the existence of gangrene as a specific disease in 
the majority of these cases, and to regard the disease as modified croup, 
which has merely assumed another form owing to the putrid influence 
of the epidemic, and to term it aphthous, putrid or malignant croup.” 
He also denies that croup is infectious, stating that “ the view taken by 
certain writers that croup is infectious is probably based on the fact 
that it is epidemic.” In another place he says that the infectious 
nature of croup is inferred from the fact that outbreaks occur in 
relation to epidemics of gangrenous angina, German measles, small-pox, 
varicella and scarlet fever. In these instances he considers the croup 
as an epiphenomenon superadded to the disease. These prize essays 
gave very little information as to the cause of croup. Jurine considered 
that a checking of the perspiration by the action of cold air was the 
chief cause. He attributed the severe outbreak of croup among 
northern nations to a change in their mode of life and to the relaxation 
brought about by it. 

Owing to the demand for suitable treatment, the question whether 
croup was an inflammatory affection or not was the subject mainly 
discussed in these essays. Some maintained that they had always 
found inflammation of the mucous membranes of the larynx, while 
others denied this. Lobstein (1817) inclined to the latter view, and 
held that in croup we have not a particular condition of the blood 
but a catarrh with which is associated a nervous element. The false 
membrane is not the essential element in croup, since the sick 
person often dies, although the membrane has been removed and the 
air-passages rendered free. Autenrieth (1807) had previously made 
similar observations which led him to a peculiar conception of the cause 
of the disease. He regarded it as probable that 
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“Der Grund der Epidemie der Luftréhrenentziindung in einer Mischungs- 
Veriinderung des Kérpers lag, welche langsam vorbereitet wurde, aber durch 
iiussere Umstiinde schnell vollendet, gleichsam auf einmal den Stoss zum Ausbruch 
erhielt ; dass diese Mischungsiinderung in Zersetzung eines Teiles der Saftemasse 
bestand, und nun ein reizendes Produkt sich entwickelte, was, weil es nicht in fester 
Form sich darstellte, mittelst des Kreislaufes bald auf dieses, bald auf jenes Organ 
durch das Bestreben des Kérpers, die unzweckmiissige Mischung auszustossen, 
geworfen werden konnte. Ein Produkt, das bei der rheumatisch-gastrischen 
Grundform des epidemischen Charakters vorbereitet geworden zu sein scheint ; 
indem es durch Hemmung der Hautausdiinstung, und darauf folgenden unzureich- 
enden Versuch der gastrischen Organe, die Funktion der Haut vicarierend zu 
ersetzen, entstand, nun durch Witterungsumstinde auf die Respirationsorgane 
gelockt, daselbst durch héhere Oxydation iaitzender gemacht wurde; und bei der 
Anlage zur Entziindung dieser Teile, die durch eben diese auch die Arteriositiit und 
das Leben der kleinsten Gefiischen bis zum Ueberreizen vermehrende Oxydation sich 
bildete, jetzt die Reizbarkeit des Kérpers von jenen Organen aus, bis zur Zerstérung 
aufregte und erschépfte.” From this hypothesis he concludes that “nur das Mittel 
in der Luftréhrenentziindung allen Forderungen der Kunst entsprechen wird, das 
zugleich die Natur der pathischen Schirfe umindert, die Erregung herabstimmt, 
die Méglichkeit iiberwiegender Tiitigkeit der gastrischen Organe herbei fiihrt, diese 
Organe selbst reizt, und so die Wiederherstellung des Gleichgewichts im Ké6rper, 
durch critische Ausscheidungen médglich macht; ein Mittel also, das den ersten 
Grund der Krankheit selbst tilgt, und damit gleich gut sowohl in der Form 
einseitiger Nerventiitigkeit, als iibertriebener Gefiisstiitigkeit hilft. Dieses Mittel 
bietet der innerliche Gebrauch der Quecksilberkalke oder der milden Verbindungen 
des Quecksilbers mit Siiuren dar.” 


Besides applications of mercury he first used vinegar clysters in 
order to drive the morbid material towards the stomach, and later 
cutaneous irritants to drive it towards the surface of the body, because 
under these conditions the “concentration of irritability towards 
the air-passages will cease of itself”’ He did not therefore trouble 
himself much about the pathological products in the throat, and even 
thought local treatment to be injurious because it increased the 
irritability of these parts. For the same reason he denied the 
advisability of tracheotomy. The statements of the keen-sighted 
Tiibingen professor upon the debated question whether membranous 
angina was an independent disease or merely an intense form of catarrh 
are of particular interest. He considered that 


“Der ganze Verlauf der Epidemie zeigte niimlich, das sie zwar entsprungen war 
aus einer erhéhten catarrhalischen Affektion, aber in ihrer Ausbildung eine Selbst- 
stiindigkeit ihrer Symptome erhalten hatte, welche bei der Abnahme der Epidemie 
nicht wieder zum Catarrh zuriickkehrten, sondern charakteristisch bleibend, aber 
immer schwicher werdend, endlich erloschen. Es gehért zum Beweise der 
Verschiedenheit zwischen der catarrhalischen Basis der Krankheit und der 
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entwickelten, gleichsam erst in der Folge selbststiindig gewordenen Luftréhrenent- 
ziindung, dass Kinder, welche schon friiher im Winter die unten naher zu beschrei- 
bende unbedeutendere rheumatische Krankheit gehabt hatten, doch spiterhin 
nicht verschont bleiben von der heftigeren Krankheit. Wahrend folgendes noch 
mehr beweist, das die Luftréhrenentziindung einmal gebildet, eine bestimmte 
Krankheit, nicht blos ein héherer Grad eines gewéhnlichen Catarrhs wird, der 
einen und denselbigen Menschen vielmal in seinem Leben befallen kann ; niimlich 
einmal heftig von der Luftréhrenentztindung befallene und gerettete Kinder, 
scheinen frei davon fiir die Zukunft zu sein, wihrend Kinder, welche einige 
Jahre vorher schon schnelle, aber nicht heftige Anfalle, vorziigliche der krampftgen 
Form der Luftréhrenentziindung, gehabt hatten, dieses Jahr teils nicht frei blieben 
von Anfallen der nimlichen Krankheit, wenn sie gleich nur einen geringen, kurze 
Zeit dauernden Anfall wieder erlitten. Man kénnte von diesen Kindern sagen, 
sie befiel in zwei verschiedenen Zeiten die nimliche Krankheit, aber in zwei 
Halften geteilt, jedesmal also mit desto geringerer Stiirke; die Receptivitat, 
welche der erste Anfall nicht giinzlich erschépfen konnte, erschépfte der zweite. 
Bei allen selbststindigen Krankheiten, die nicht als blos héherer Grad einer andern 
Krankheit angesehen werden kinnen, findet das niimliche statt; so bei dem 
Krampfhusten, bei den Masern, welche beide Krankheiten zu der niamlichen 
natiirlichen Familie mit der Luftréhrenentziindung gehéren. Selbst bei den 
Pocken findet etwas ahnliches statt. Alle diese Krankheiten befallen den Menschen 
in seinem Leben nur einmal, wenn nicht der zu schwache erste Anfall noch 
Receptivitat fiir einen zweiten oft lange erst nachher kommenden iibrig liess. Bei 
einigen Krankheiten der Tiere, auffallend z. B. bei der Rinderpest, ist es derselbige 
Fall. Gehért aber gleich die Luftréhrenentziindung hierin zu diesen ansteckenden 
Krankheiten, so diirfte diese Aehnlichkeit doch noch kein vollgiiltiger Beweis fiir 
ihre Ansteckungsfahigkeit sein. Es kénnte bei ihr (ohne dass den Individuen einer 
Tierspecies gleich, ein durch die Reihe von Zeugungen und Erzeugtsein zusammen- 
hiingendes, materielles Contagium alle einzelnen Fille verkniipft hiitte), eine 
fortschreitende Veranderung der in der Atmosphiire und im Kérper liegenden 
Bedingungen zur Erzeugung der Krankheit, in jedem Einzelnen mit vorriickendem 
Friihjahr die gleiche Veriinderungen erzeugt haben ; und so die Entfernung der Krank- 
heitsform von der gewohnlichen catarrhalischen, gleichsam das nun selbststiandig und 
abgeschnitten Charakteristische derselbigen gebildet haben. Umgekehrt erweist die, 
weniger Zweifel ausgesetzte Ansteckungsfahigkeit der Masern noch nicht, das nicht 
diese Krankheit, oft auch bei uns, langsam aus einer catarrhalischen Basis sich 
entwickelt, und Selbststindigkeit erst bei einer gewissen Stufe der Entwicklung der 
Epidemie erhailt.” 


We see, therefore, that Autenrieth really recognised diphtheria to 
be an independent disease conferring immunity after recovery and 
depending on a pathological agent circulating in the blood ; but, fettered 
as he was by the views of his time upon the epidemic Constellation and 
Disposition, he was unable to acknowledge frankly its infective nature. 
He declared that membranous angina and Millar’s asthma were 
identical, but gave no indication as to their relationship to angina 
maligna, | 
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Virulent outbreaks of the disease between the years 1818-1826 in 
Tours, La Ferriere and Chenusson, comparable with the notorious 
“ Garrotillo” in Spain, provided Bretonneau (1826) with the material 
for his admirable investigations. In the year 1818 the garrison of 
Bourbon-Vendée was transferred to Tours, and many fell ill there of a 
disease characterised by ulcers in the mouth, inflammation of the gums, 
and breaking of the teeth followed by grey-green deposits upon the 
mucous membranes of the lips and cheeks. From the mouths of the 
sick persons there emanated a pestilential odour, and the neighbouring 
lymphatic glands began to swell. The disease was at first regarded as 
scorbutic gangrene of the mouth, but Bretonneau soon recognised that it 
could have no connection with scurvy, because the persons attacked were 
in other respects healthy, and also because it assumed all the features 
of angina maligna when it attacked the tonsils and throat. Bretonneau 
attributed the striking fact that it primarily attacked the gums to the 
use of drinking vessels in common. When the garrison was replaced 
after a time by another section of troops the disease appeared among 
the latter in the form of severe angina maligna. Within a few months 
of the introduction of the disease by the soldiers from La Vendée to 
Tours 60 persons of all ages, mostly however children, died from it. 
Some fell ill of severe gangrenous angina, others of typical croup. An 
accurate clinical and pathologico-anatomical investigation of all these 
cases led Bretonneau to the conviction that all of them were caused 
by one and the same disease, to which he gave the name “ diphthérite ” 
() dupOépa, the skin) in order clearly to distinguish it. The production 
of membrane by the action of the virus was to him the characteristic 
mark of the disease, because in the severe, apparently gangrenous, forms 
he found at the autopsy not the expected gangrene of the mucous sur- 
faces, but a membrane of a greyish-green colour, owing to the decom- 
position of the blood mixed with it, lying upon the slightly altered tissues. 
This was the source of the pestilential odour which had suggested a 
gangrenous condition. The association of malignant angina with typical 
croup, which he had observed in many cases, at first led him to think that 
the condition might be due to the occurrence of two diseases simultane- 
ously, but the observation that adults who were suffering from malignant 
angina could infect children with typical croup, and the fact that the 
deposits on the tonsils and pharynx exhibited the same structure as the 
membranes of croup, convinced him that croup and malignant angina 
must be dependent on the same disease-producing factor. He further 
states very decidedly that scarlet fever angina has nothing in common 
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with diphtheritic angina, because the diphtheria membrane is formed 
upon the mucous membrane and can be detached, whereas in scarlet 
fever the change is in the mucous membrane itself and the deposit 
cannot be removed. The keen-sighted observations and deductions of 
Bretonneau led to the conclusion that diphtheritis, although occurring 
under different forms, is a single etiological ens morbi, just like 
scarlet fever, measles and small-pox. 'Trousseau (1828) confirmed and 
extended Bretonneau’s fundamental investigations, but dissented from 
some of his deductions. He substituted the name “diphthérie” for 
“ diphthérite ” in order to indicate that he did not share the view held 
by Bretonneau of the purely local character of the disease, but looked 
upon the specific changes in the mucous membranes as the products of 
a general disease running its course in the patient. This name was 
subsequently accepted by bBretonneau himself, because the term 
diphtheritis was used by many in a sense different from that which 
he intended. He also spoke of the disease as Egyptian diphtheria in 
order to commemorate the land of its origin. 


The Distribution. of Diphtheria in the Nineteenth Century. 


Before considering further observations on the etiology of diphtheria, 
which followed those of Bretonneau, it may be desirable to review 
(following Hirsch, 1886) the general spread of the disease in the 
19th century. The disease reached its present extension in France in 
the years 1825-1836. At that time it also spread over Switzerland. 
In Germany isolated epidemics were observed on the Baltic coast, 
in East Prussia, and later in the Harz and in Liineburg. Isolated 
epidemics were also reported in England, Norway and the United 
States. In the forties many epidemics were recorded in Germany, 
especially in Greifswald and K6nigsberg, in England, Holland, 
Belgium, France, Denmark, Norway, and North America, in fact, 
in almost every part of Western and Northern Europe and North 
America. For a few years the disease was less common, but in 
the middle of the fifties there began an extraordinary pandemic 
extension which spread over the whole civilised world, even reaching 
China, India, Australia, and Polynesia. France was again the starting 
point of the outbreak. In succession the Iberian peninsula, Holland, 
England, Germany, Russia, and America were invaded, and a little later 
Norway and Sweden, Italy and Austria, and in the seventies South 
Russia and Roumania. The victims in Bessarabia were numbered by 
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hundreds in every village, and the children almost disappeared. In 
Iceland the disease appeared for the first time in the year 1856. 
Following some earlier epidemics (in the twenties) in the Argentine 
the disease spread over South America and became firmly established. 
It attacked North Africa, Tunis and Alexandria in the seventies. In 
Egypt, the land of its origin, its extension was limited, and in Syria the 
pestilence was said to have been unknown up to the year 1868. In 
Persia a severe outbreak occurred in the seventies. In India it 
appeared on the slopes of the Himalayas in the fifties, in Madras in 
the sixties, and on the Indian Islands at the commencement of the 
eighties. In China the disease is said to have become endemic in the 
year 1821. In the year 1866 a frightful epidemic occurred at Pekin, 
from which 25,000 people are said to have died. In Japan the disease 
first appeared in 1877, and has since become endemic. At the present 
time it is an endemic disease throughout the civilised world. 

The sudden and apparently inexplicable outbreaks, which occur in 
regions from which the disease has temporarily disappeared, may be 
explained by the recent remarkable advances in means of communica- 
tion which frequently lead to the reintroduction of the infective agent. 


Opinions on the Nature of Diphtheria in the middle of the 
Nineteenth Century. 


Bretonneau’s statements were well received throughout France, but 
found less ready acceptance in England and Germany. The view 
that the local phenomena owed their origin primarily to the entrance 
of the infective agent was frequently disputed. The view, maintained 
by Trousseau, was generally held that the local lesions were mani- 
festations of a general disease, and the fact that similar pathological 
changes were found in the larynx, pharynx and trachea in several 
infectious diseases strongly supported this view. Owing to the 
extraordinary influence of Virchow (1844) pathological anatomy during 
the forties began to occupy a prominent place in the scientific 
investigation of the processes of disease. These investigations showed 
that various forms of inflammation of the mucous membranes could 
be distinguished, namely, the simple catarrhal form which led to 
the formation of false membrane, and the form in which, together 
with necrosis, there was a deposition of fibrinous exudation in the 
mucous membrane itself, to which Virchow gave the unfortunate 
name “diphtherische.” It was found that the development of these 
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forms depended on the action of the exciting agent, and pathological 
anatomists consequently laid stress on the form of the change in the 
mucous membrane. Since the various forms were found in persons who 
had died both of Bretonneau’s disease, diphtheria, and of other infectious 
diseases such as scarlet fever, measles, typhus, small-pox, ete., there was 
no reason to suppose that the croupous or pseudo-membranous deposits, 
which were so frequently found in diphtheria, were pathognomonic of 
that disease. From the point of view of the pathological anatomist, 
therefore, the etiological factor which Bretonneau had tried so hard to 
establish was thrown into the background. After the occurrence of 
widespread epidemics little doubt could be entertained that angina 
maligna was infectious, but the infectious nature of croup was not yet 
fully established. Wilhelm Sachse (1810) in his well-known work, 
Das Wissenswiirdigste iiber die hdutige Brdune, which appeared in 
Liibeck in the year 1810, carefully reviewed the opinions of previous 
writers on the latter question, and showed that at that time opinions 
were equally divided. Though Bretonneau’s observation made in Tours 
produced convincing proofs of the infectious nature of all these forms 
of disease a long time elapsed before physicians accepted his views. 

In his open letter to Blache and Guersant, which appeared in the 
year 1855, Bretonneau once more asserted his conviction that all forms 
of the disease were contagious, and deeply deplored the attempt which 
was being made to shake the belief in the transmissibility of the 
disease. He again quoted the celebrated case in Napoleon’s family. 
Queen Hortense was stricken with a protracted diphtheritic inflamma- 
tion of the gums, and her eldest son died from laryngeal diphtheria. 
Later her mother, the Empress Josephine, was seized with diphtheritic 
angina, and died several days later from an attack of croup. In this 
letter he makes some important observations on the mode of trans- 
mission, pointing out that the infective agent is not carried by air, and 
that direct inoculation upon the softened mucous membrane or upon the 
injured epidermis is necessary. In proof of these statements he 
adduced the records of numerous observers in smal] districts where 
every detail of the invasion of the disease, its seat, its transmission 
from one family to another, its conveyance to particular houses and 
to other localities, could be easily traced. 

The transmissibility of the disease in the manner described by 
Bretonneau was, however, proved by numerous cases of illness amongst 
physicians and nurses attending on diphtheria patients who happened to 


be directly inoculated by the secretion. Special attention was aroused 
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by the cases of Dr Villeix and Professor Herpin (1843) of the hospital 
at Tours. The latter, when cauterising the throat of a child suffering 
from diphtheria, was struck on one of his nostrils by membrane expelled 
during a fit of coughing. Occupied with the child he was unable 
to remove the membrane at once. Severe diphtheritic inflammation 
developed at this place and spread over the whole nasal cavity. 
Later severe paralysis occurred, from which he finally died. A 
significant case was also observed at the Collége de la Fleche, where 
a healthy child, treading with naked frost-bitten feet on material 
expectorated by a diphtheria patient, soon after fell ill with formation 
of membrane between the toes. Another interesting case was observed 
by Paterson (1866). In this instance a farmer, who had already lost 
two children from diphtheria, inserted his forefinger, on which there 
was an open wound, into the throat of a third child suffering from the 
same disease in order to remove an obstruction which had brought on 
a fit of coughing. A membranous layer developed on the wound and 
extended over nearly the whole finger, accompanied by severe general 
phenomena. After some weeks the finger healed. Although the 
mucous membrane of the throat had never been affected, several weeks 
later severe paralysis of the legs, and later of the arms, supervened, from 
which he only recovered after four months’ treatment. 


Experiments on Animals. 


Against the numerous involuntary inoculations with diphtheritic 
material were advanced the negative results of direct inoculation. The 
well-known auto-inoculations of Trousseau (1828) and Peter (1859), the 
20 prophylactic inoculations of Mosotto (1864) and the application 
of membrane to varicose ulcers by Felix (1870) were not followed by ill 
effects. Further, the experimental inoculation of the virus into animals 
did not lead to convincing results. Albers, Jurine, Duval, Schloepfer, 
Valentin (cited by Pauli, 1865) and others, starting from the conviction 
that croup was set up by the inspiration of acrid irritant substances, 
endeavoured by introducing acrid substances such as acids, alcohol, and 
lunar caustic into the air-passages to produce false membranes such as 
characterise croup. Their attempts, however, were unsuccessful. On the 
other hand Bretonneau succeeded in producing typical false membranes 
by injecting a mixture of cantharides and olive oil into the trachea of 
dogs. Still more striking results were produced by Delafond by intro- 
ducing chlorine, corrosive sublimate, arsenic, sulphuric acid and 
ammonia. Ammonia was found to be the most suitable substance 


F. LokgFFLER 19 


for such experiments, and was therefore made use of by later investi- 
gators, Reitz, Oertel and others. Bretonneau, however, had already 
clearly recognised that, in spite of the similarity of the changes 
produced by tincture of cantharides in dogs and diphtheria in man, 
the two kinds of inflammation were by no means identical, since they 
differed markedly in their course. Consequently he stated without 
hesitation that diphtheritic inflammations were specifically different 
from the apparently similar ones produced by chemical agents. He had 
previously endeavoured to produce artificially the lesions of diphtheria in 
animals by the inoculation of material derived from patients, but had not 
met with success. Although unsuccessful these experiments constituted 
a step in the right direction, and the observations of later investigators 
along similar lines produced interesting though inconclusive results. 
Labadie-Lagrave (1873) inoculated subcutaneously perfectly fresh 
pieces of membrane obtained at a tracheotomy operation into three 
young rabbits, and the blood of a child which had died of diphtheria 
into the femoral vein of a rabbit, without producing any results. On 
the other hand, when he introduced fragments of false membrane into 
the tracheas of two rabbits false membranes developed, and the animals 
died within 12 hours. Duchamp (1858) obtained similar results. 
Intravenous and subcutaneous inoculations of false membranes into 
rabbits and horses produced no ill effects, whereas inoculations into the 
trachea of the rabbit led to the formation of false membrane. He did 
not, however, succeed in transferring the disease from rabbit to rabbit. 
Homolle (1875) made numerous experiments without producing any 
phenomena comparable to those of human diphtheria. On the other 
hand Everett (1881) always succeeded, even when he introduced 
particles of membrane into the uninjured trachea. Francotte (1883) 
repeated these experiments in Vulpian’s laboratory, introducing finely 
divided membranes into the opened tracheas of six rabbits. Only one 
of these animals exhibited extensive false membrane in the larynx and 
trachea. The animal also showed congestion of the kidneys and 
hepatisation of the upper lobes of both lungs. The membrane, when 
transferred into the trachea of another rabbit, produced no effect. In 
the other five he found catarrh of the air-passages and ecchymoses of the 
mucous membranes of the larynx and trachea, but no false membrane. 
Similar investigations were also carried out in Germany. Hueter and 
Tommasi-Crudeli (1868) found that the inoculation of fragments of 
fresh membrane, obtained both from the trachea and the throat of 
diphtheritic patients, into the dorsal muscles of the rabbit caused death 
2—2 


20 History of Diphtheria 


in 20-40 hours. At the point of inoculation they found small abscess 
cavities containing a few drops of pus, and immediately surrounding 
them a diphtheritic inflammation which gradually merged into an ex- 
tensive haemorrhagic inflammation of the muscle substance. On further 
investigation they discovered that similar lesions could be produced 
by the inoculation of putrid substances. Trendelenburg (1869) intro- 
duced fragments of diphtheria membrane into the tracheas of rabbits 
and pigeons, and recorded 11 positive results (eight rabbits and three 
pigeons) in 68 experiments. Oertel (1871) also made a large number of 
similar experiments, in many instances with positive results. He found 
that while inoculation with pulped material was particularly successful, 
the introduction of compact elastic fragments of membrane did not 
cause any membrane formation in the trachea. In one series of expe- 
riments he succeeded in transferring the disease through a series of six 
animals (four rabbits and two pigeons), partly by tracheal and partly 
by intramuscular injections. Control experiments made with putrid 
substances never had the same action as the diphtheritic material. 
This fact was confirmed by Billroth (1870) in a series of similar 
experiments. Oecertel therefore became firmly convinced that the 
inoculation disease produced by him was transmitted diphtheria. 
These experiments, however, lost much of their weight from the fact 
that other investigators, Hueter (1873) and Marcuse (1875), succeeded 
in experimentally producing similar false-membranous processes by the 
inoculation of non-diphtheritic material and putrid blood to those 
produced by the injection of pieces of diphtheria membrane. Marcuse, 
notwithstanding these experiments, still maintained the specific action 
of the diphtheria virus in the production of false membrane, arguing 
that anatomically and symptomatically analogous processes might be 
produced by agents entirely different from each other in their nature. 

That Oertel’s experiments had not decided the question is clear from 
the communication made by Lichtheim to the Second Congress for 
Internal Medicine in the year 1883. Lichtheim, after stating his 
conviction that the disease beginning in the neck and descending to the 
larynx is in a clinical sense a single disease, gave a report on some 
of his own inoculation experiments. His conclusions were that it was 
possible to produce two types of lesions, the inoculation disease 
described by Oertel, characterised by an oedematous infiltration of 
the tissues surrounding the site of inoculation and progressing along the 
lymph channels, and secondly, a much rarer form, characterised by a 
peculiar necrosis. He concluded that all these inoculation diseases had 
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nothing to do with diphtheria, and that experiments on animals did not 
therefore throw any light on the essential nature of diphtheria. 


The Rise of Bacteriology. 


As these statements did not completely settle the matter, it became 
necessary to obtain a knowledge of the etiological factor in the disease, 
and this could only be obtained by bacteriological investigations. 
About 1840 the doctrine of the contagium animatum obtained a 
special ascendency. The discovery of Bassi (1837)!, that a miasmatic 
contagious disease of the silk-worm, muscardine, was caused by a fungus, 
stimulated researches on these lines. Before this time several observers 
had noted various forms of moulds upon dead animals, insects and fish, 
and they assumed that these organisms had caused the death of 
the animals. All morbid changes on the surface of man and animals 
were investigated for the presence of any kind of fungus, and it was not 
long therefore before the membranes of croup were subjected to this kind 
of investigation. Bennet (about 1843) and Schaffner and Remak (1845) 
found in them many organisms belonging to vegetable types. Laycock, 
in a paper published in Edinburgh on the 29th of May 1859, declared 
that diphtheria was due to the development of Ozdiwm albicans. John 
Lawe (1859) also reported that he had observed this fungus extending 
into the bronchi, and N. Jodin (1859) in Paris also considered it to be 
the cause of croup. These views were, however, questioned by Thomas 
Hillier (1859) and Julius Althaus (1860) on the ground that it was not 
Oidiwm albicans but Leptothrix buccalis which was found in false 
membranes, and that the presence of the latter in diphtheria was of no 
significance. In the year 1860 Desmartis and Bouché de Vitray sought 
to demonstrate that croup owed its origin to a vegetable parasite, 
Leptotoia buccalis, found in the throat. Jodin maintained that he 
could cure the disease by purely local treatment with tinctura ferri 
muriatici, which killed the fungus. Laboulbene in the year 1861 also 
called attention to the micro-organisms in the false membrane. He 
found : “parfois des végétaux sous forme de spores ou de mycélium et 
des vibrioniens des genres bacterium et vibrio, surtout du premier 
genre, ayant le corp filiforme et raide.” These vibrios appeared to him 
“ distincts des fragments brisés du leptothrix buccalis.” 

In the year 1867 Buhl gave an account of his researches in the 
following words :—“I refer to the fungus which constantly occurs in 
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diphtheritis and grows into and permeates the epithelial layer. Its 
elements are so small that unskilled persons are frequently led to the 
erroneous conclusion that the object under examination represents a 
complete granular breaking down of the tissues. Whether this fungus 
is a particular species essential to diphtheria or is an ordinary Leptothria 
buccalis occurring in the mucus of the mouth, and consequently merely 
an accidental saprophyte which has fallen on favourable soil, I leave 
undecided since the question is at present beyond my knowledge.” In 
the same year Tigri (1867) made a communication to the Académie de 
Médecine upon “un cryptogame rameux articulé,’ which he considered 
to be the cause of diphtheria. The investigations of Hallier (1868) led 
him to conclude that Diplosporiwm fuscum was the cause of diphtheria. 
The influence exercised by Hallier led to the discovery of the Zygo- 
desmus fuscus, and later the Tilletia diphtheritica of Letzerich (1. 1869). 
In the light of our present knowledge it is remarkable that, until 
recently, actual fungi were discovered and cultivated, and even success- 
fully inoculated into animals and considered the cause of diphtheria. 
In the Progrés médicale of the year 1881 we find Talamon describing 
with the greatest minuteness a fungus, which he invariably obtained in 
his cultures, and with which he made inoculation experiments into 
rabbits, guinea-pigs, frogs, fowls and pigeons. In the pigeon especially 
he produced thick false membranes within the nasal cavity, and was 
able to recover the fungus by cultivation, both from the membranes 
and from the fluids of the body cavities. Cultures from the blood, 
however, remained sterile. He demonstrated the same fungus in pre- 
parations from thick membranes covering the pharyngeal and laryngeal 
passages of three young kittens. In his opinion the kittens were infected 
from the straw litter upon which four of the rabbits, inoculated by him 
with a culture of the fungus, had died. In France especially these state- 
ments at first aroused much interest, but were soon criticised. Duclaux 
(1882) pointed out that the fungus had no special relation to the diseased 
parts, and that the methods of cultivation were not described with 
sufficient accuracy to allow others to repeat the experiments. 

About 1870 many experiments were made with the object of ascer- 
taining the relationship of the bacteria to diphtheria. At that period 
almost all investigators were influenced by Hallier’s publications in 
which he strove to demonstrate that the smallest forms of life, the cocci 
and bacteria, were the lowest developmental stages of the more highly 
organised moulds. In 1868 Hueter and Tommasi-Crudeli (1868) found 
in the blood of diphtheria patients small rounded motile bodies which 
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they regarded as vegetable organisms, They also found these bodies in 
the membrane and in the lesions which they produced in animals by the 
inoculation of pieces of membrane. Hueter, following the example of 
Haller, made cultures by sowing pieces of membrane from the trachea 
and bronchi of a child upon cooked potatoes, Professor Hoffmann, of 
Giessen, found on three preparations dark yellow, orange yellow and 
violet slime, which under the microscope consisted of small cocci and 
rods. Hueter therefore believed that he had proved the vegetable 
nature of the diphtheria virus. Oertel (1868) confirmed some of these 
facts. He found micrococci not only in the membranes, but also in 
the lymphatic vessels of the submucosa, in the organs, especially the 
kidneys, and in immense masses in the form of colonies on the pavement 
epithelium of the pharynx. Oertel, correctly estimating the position of 
bacterial investigations at that time, abstained from making culture 
experiments because, as he wrote in 1871, “in the first place there are 
a series of questions of vital importance that still remain to be solved. 
The various yeast forms, the putrefactive yeast, the micrococcus and the 
schizomycetes, and their connection with definite forms of fungi or their 
independent individuality and the conditions of their vegetative processes 
must first be investigated, before it can be possible by the inoculation 
of any kind of spores to institute an exact pathological experiment.” 
Nassiloff (1870), too, found in diphtheritic material accumulations of 
granules, and with them vibrios, which were identical in appearance 
with the organisms which appeared during the processes occurring in 
the putrefaction of normal blood and muscle. These he inoculated into 
the cornea of the rabbit. Working with the putrefactive organisms he 
was unable to produce any inflammation, but succeeded in doing so 
with the other organisms. He found the fungi both in and on the 
epithelium, either singly or in flat masses, or grouped together into 
sharply defined balls, penetrating inwards in the form of irregular 
bands. He could also demonstrate in the vicinity a reactive cell- 
proliferation, and came to the conclusion that in the development of 
the organism we had the starting point for diphtheritic changes. 
Von Recklingshausen (1871), again, in a whole series of infective 
diseases, pyaemia, puerperal fever, typhus, acute splenic inflammations, 
urine infiltrations and pulmonary gangrene, found the cause of the 
metastatic foci to be aggregations of minute organisms, which he re- 
garded as identical with the forms described in diphtheria by Buhl, 
Oertel and Nassiloff. Eberth (1872) made transverse sections through 
small island-like deposits on the surface of the mucous membrane, and 
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found them to consist of masses of densely crowded punctiform shining 
spores in a homogeneous somewhat tough ground substance. In addition 
he found young cells in varying numbers, and in the deeper parts a net- 
work of coarser and finer trabeculae of fibrin. The epithelium of the 
mucous membrane was generally still present below the deposits, but 
permeated and rendered cloudy by young cells. By the use of acetic 
acid and caustic soda, the cloudiness was shown to be due to numerous 
shining punctiform corpuscles, the spores, lying between and in the 
epithelial cells. He found also micrococci in star- and spindle-shaped 
groups and rounded clumps filling up the dilated lymph canals of the 
mucous membrane and of the adventitia of the vessels. During the 
more advanced stages the tissues were permeated by innumerable 
masses of fungi. In his investigations he never met with bacteria in 
the blood, liver, or kidneys of persons who had died from pharyngeal 
diphtheria. By the inoculation of the micrococci into the cornea of the 
rabbit he obtained the same results as Nassiloff. In further experi- 
ments (1873) he found that the globular bacteria of the oral cavity and 
the micrococci cultivated in putrid flesh and putrid urine set up lesions 
analogous to diphtheritic processes, only differing in their severity. 
Meanwhile Leber (1878), Stromeyer (1873), and especially Dolschenkow 
(1873) obtained, by the inoculation of putrid substances, severe lesions 
in the cornea, such as hypopyon-keratitis, and even panophthalmitis. 
The discovery of bacteria in the membranes was confirmed by many 
investigators, and interpreted by some as essential, by others as acci- 
dental. Others however failed to find them. Nothing of special im- 
portance was added to our knowledge by the investigations of Classen 
(1871), Senator (1872), Weigert (1877), Satterthwaite and Curtis 
(1876), Leloir (1880), Cornil (1881), and Everett (1881), nor by the 
investigations of the Commission of the Royal Medical and Chirurgical 
Society (1879) upon the question of the occurrence of a non-diphtheritic 
laryngitis. 

The investigations of Letzerich (1880), however, are of peculiar 
interest, since he was the first to cultivate diphtheritic material in 
“Gallertkammern’.”. In these he observed the development of the 
Micrococcus diphtheriticus in the so-called plasma cells, which he looked 
upon as the mother-cells of the micrococcus colonies, and also the emi- 
gration of the micrococci from the latter. These plasma cells he found 
in large numbers along the walls of the heart veins, in the lumen of the 
renal tubules and in the lymph-spaces of the lymphatic glands, In 


1 Isinglass confined in specially constructed glass capsules (see Léftler, 1887, p. 95). 
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opposition to Letzerich, Klebs (1881) found no micro-organisms in the 
internal organs of diphtheria patients, but found them in large numbers 
in the membranes. He also made cultivation experiments obtaining 
the material by introducing fine capillary tubes into the tonsillar deposit 
of a child which had died from diphtheria. The contents of these tubes 
were sown on round masses or thin layers of gelatin in von Recklings- 
hausen’s shallow glass dishes. In about five days numbers of intensely 
brown granules and round dull coloured discs developed, the largest of 
which scarcely attained the size of red blood corpuscles. In three weeks 
the medium became liquid and contained innumerable, extremely small 
bacilli. Letzerich and Klebs were therefore the first to cultivate 
diphtheritic material on solid nutrient media. The structures described 
by Klebs as plasma-spheres, brown balls and pale discs were nothing 
else than colonies of various kinds of bacteria. The important fact that 
isolated specimens of bacteria give rise on solid media to pure colonies, 
and that by taking advantage of this fact the various species in a mixture 
may be isolated, escaped the notice of these observers, and it was left to 
Koch, by his clear demonstration of the utility of this method, to place 
further investigation on a firm foundation. A pupil of Klebs, Brown 
(1877), endeavoured to obtain cultures of Micrococcus diphtheriticus 
by breaking a fresh egg under an antiseptic spray and transferring its 
contents into a previously heated glass vessel plugged with wool, and 
inoculating the medium with a particle from a swollen lymphatic gland. 
In this way he obtained a growth of both monads and micrococci which 
when inoculated into the cornea of a rabbit gave rise to rapid micrococcal 
infiltration. In transverse sections through the tonsil of a woman ex- 
hibiting a firmly adherent greyish yellow deposit he found after staining 
with haematoxylin three layers, an uppermost layer consisting of fungus 
rods disposed vertically to the surface, a second layer composed of a 
coarse fibrinous network in whose meshes dense balls of micrococci 
were embedded, and finally a third layer consisting of connective 
tissue densely infiltrated with cells. Klebs, holding Hallier’s views, 
believed that the fungus threads and the micrococci were special develop- 
mental forms of the organism to which he had given the name of Micro- 
sporon diphtheriticwum. By means of cultures of this organism, which 
he considered to be pure, he attempted unsuccessfully to infect animals, 

Several observers gave special attention to the study of the organs 
of persons who had died from diphtheria, In four cases of diphtheritic 
myocarditis Rosenbach (1877) found granules and chains of granules, 
which became brown on the addition of iodine and sulphuric acid, in the 


26 History of Diphtheria 


connective tissue spaces. He introduced fragments of heart muscle and 
kidney into the muscles and trachea of the rabbit with remarkable 
results, namely haemorrhagic inflammation of the muscles in a broad 
zone round the seat of inoculation, in which could be demonstrated 
large numbers of spherical and rod-shaped bacteria. Two out of three 
rabbits, inoculated in the trachea with pieces of heart muscle taken 
seven to eight hours after death from a child aged 24 years, who had 
died of diphtheria in 117 hours, died from symptoms of tracheal ob- 
struction within 24 hours. These inoculations were made by stitching 
pieces of heart muscle to the rabbits’ tracheae, besides introducing 
scrapings. White, compact, adherent, tubular membranes more than 
1 mm. in thickness were found covering the greatly swollen mucous 
membrane which showed numerous haemorrhages. On the other hand 
he did not get similar results in 24 inoculations with heart muscle 
taken at various periods after death, nor in four inoculations with 
fresh erysipelas membrane. Cultures made in neutral egg-albumen 
peptone solution with pieces of heart, kidney, and coughed up mem- 
brane showed large spherical bacteria and bacilli of three different 
forms. Rabbits inoculated with a culture from the membrane were 
not affected. From these results Rosenbach concluded that culture 
experiments were of little value. Extended investigations were also 
undertaken by Wood and Formad (1882) during an epidemic which 
broke out suddenly in a small town. In seven out of 14 cases of 
diphtheria micrococci were found in the blood. Among seven cases 
of sporadic diphtheria they were, however, only found in a single case. 
In these diphtheritic membranes they found micrococci of two forms, 
small and large, but no bacilli. Numerous experiments on rabbits 
showed that the material obtained from the cases which occurred during 
the epidemic was more active than that obtained from sporadic cases. 
Three rabbits inoculated in the trachea with pieces of membrane died. 
In one the trachea was filled with exudation which extended into the 
pharynx; in the second false membrane was found in the larynx only; 
in the third no such membrane was present. Cultures made with 
portions of membrane and blood in moist chambers on aqueous humour 
from rabbits, chicken broth, and ascitic fluid yielded micrococci of 
various sizes, and in some cases bacteria. 

To prevent the growth of Bactertwm termo these investigators kept 
their cultures at 40°C., because they found this organism disappeared 
at that temperature. The cocci grew luxuriantly in the first genera- 
tion, but after a few generations the growth ceased. Inoculations from 
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various culture generations were made into 21 rabbits. In one instance 
only, after the inoculation of cocci of the second generation into the 
thigh, did they find micrococci in the blood. They considered that 
their failure to find the cocci in the blood in the other cases was due 
to attenuation. In their opinion the diphtheria micrococcus was a 
virulent variety of the micrococci constantly present in healthy and 
inflamed throats. Fiirbringer (1883), on the other hand, who examined 
the kidneys from a large number of cases of diphtheria by the most 
recent staining methods, found no micro-organisms in these organs, 
confirming the negative results of Babbe, Weigert (1879), Wagner, etc. 
In two instances only did he find coccus-like bodies in the kidneys. 
Both these specimens were derived from children in whom the diph- 
theritic lesions had been complicated by septic processes. He came to 
the conclusion therefore, that in the few well established cases in which 
bacteria had been demonstrated in the organs, their presence was due 
to secondary complications. At the Congress fiir innere Medicin, held 
at Wiesbaden in 1883, Klebs gave an account of his most recent re- 
searches, and endeavoured to show that there was a second form of 
diphtheria besides that set up by the Microsporon diphtheriticum. He 
stated that in sections stained with methylene blue he had found near 
the surface of the membrane a layer containing extremely short, slender, 
irregularly disposed rods, apparently embedded in a jelly-like substance, 
The rods were of uniform length and extremely slender, on the whole 
barely attaining the dimensions of tubercle bacilli. Spores were fre- 
quently present at each end of the rod. When the membranes were 
dried at room temperature over sulphuric acid the spores increased in 
numbers, some organisms showing as many as four spores. He stated 
that he had been unable to obtain pure cultures of the rods. Edlefsen 
(1883), in the discussion which followed, confirmed the common occur- 
rence of such bacilli in the cases of diphtheria which had come under 
his observation in Kiel. 

In the same year the essay by Heubner, which obtained the prize 
offered by the Empress Augusta for the investigation of diphtheria, 
was published. Heubner (1883) attempted to produce an artificial 
diphtheritic process in the bladder of the rabbit by mechanical means, 
and then by the inoculation of membranes to superadd a general disease. 
The animals died from an acute infective disease, with extensive lesions 
of the bladder, which could be transmitted to other animals by the 
inoculation of fragments of the mucous membrane of the bladder. The 
organisms, “ micrococci, or perhaps more correctly speaking, short rods, 
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arranged in pairs or in short chains,” were found only in the vessels. If 
these easily demonstrable micrococci or rods were the infective agents 
in human diphtheria, Heubner thought that it ought to be easy to 
demonstrate their presence in the vessels of the affected mucous 
membrane of human beings, in those cases at least in which the 
disease ended in death. This however he was never able to do, 
although amongst other specimens he examined serial sections through 
the uvula, on which deposits had been present a short time previously 
which contained these bacteria. He came to the conclusion therefore 
that the bacteria present in the membranes were mere saprophytes, and 
that the organism of diphtheria had not so far been found. 

Koch had shown that his three postulates must be fulfilled before 
the relation of a micro-organism to a disease could be proved. Firstly, 
the organisms must always be found arranged in a characteristic manner 
in the affected part; secondly, these organisms must be isolated and 
obtained in pure culture; thirdly, it must be possible to reproduce 
experimentally the disease by the inoculation of pure cultures. 


The Discovery of the Diphtheria bacillus by Loeffler. 


None of the investigations published up to this time had satisfied 
these three postulates. Loeffler, however, in 1884, in a paper entitled 
“Untersuchungen tiber die Bedeutung der Mikroorganismen fiir die 
Entstehung der Diphtherie beim Menschen, bei der Taube und beim 
Kalbe,” satisfied Koch’s requirements in regard to diphtheria. In the 
first place he examined sections of the locally affected parts and also 
of the organs of patients who had died of diphtheria, stained by a 
special alkaline solution of methylene blue consisting of 30 c.c. of con- 
centrated alcoholic solution of methylene blue added to 100 cc. of 
potassium hydrate solution (1: 10,000 in water). The material was 
obtained partly from the Berlin hospitals and partly from Obuchow’s 
Hospital in St Petersburg, and included specimens from cases of 
scarlatinal diphtheria. These investigations showed that the lesions 
were not always uniform in character, but could be arranged in various 
groups. The first group was characterised by loss of substance and the 
presence of greyish yellow necrotic material, false membranes being 
absent. All the cases of post-scarlatinal diphtheria belonged to this 
group. Mlicrococci, arranged in chains, were found pushing their way in 
wedge- or tongue-like masses into the tissues and leaving necrotic areas 
behind them, Masses of micrococci were also found in the organs. In 
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the second group thick false membranes occurred upon the deeply con- 
gested mucous membranes of the throat, larynx or bronchi. Masses of 
bacteria of various kinds were found covering the surface of the false 
membranes in disorderly confusion, and more deeply small rods arranged 
in groups and staining most intensely with methylene blue. In the 
neighbourhood of these rods cells were numerous. The greater part 
of the false membrane consisted of a fibrinous layer containing but few 
cells and no bacteria, and lying upon the dilated blood vessels of the 
mucous membrane. In a small number of cases, showing membranes 
of this variety, rods were not found. Consequently, if the rods re- 
presented the organisms of diphtheria, it was necessary to assume that 
they had again been eliminated before death took place. Anatomical 
investigations therefore gave no conclusive proofs of the specific signi- 
ficance of either of the two kinds of bacteria which could usually be 
demonstrated by staining methods. It was necessary therefore to 
obtain pure cultures of these two species of bacteria and to discover 
whether either of them was capable of producing in animals a disease 
analogous to human diphtheria. Cultivations of the chain-forming 
micrococeci were easily made in peptone gelatin. The cocci obtained 
in pure cultures grew exceedingly well in broth containing 1 / peptone, 
‘5 Y of salt and ‘5 /% of grape sugar, in the form of small delicate, curly 
floceuli which consisted of much interlaced chains sometimes composed 
of as many as 100 individuals. Abundant growth was also obtained on 
solidified serum containing 25 / of the above broth. Experiments were 
made with pure cultures on a large number of animals, mice, field-mice, 
guinea-pigs, rabbits, dogs, monkeys and birds, partly by feeding, and 
partly by subcutaneous, intramuscular, intratracheal, corneal and intra- 
venous inoculations. Certain animals, especially mice, died from septi- 
caemia, with numerous chains of cocci in the blood, but in no case was 
a disease produced which resembled diphtheria. Since these organisms 
were only discovered in a limited number of cases of human diphtheria, 
and since they had been found similarly arranged in the organs in other 
infective diseases which are associated with lesions of the mucous 
membrane, Loeffler came to the conclusion that in diphtheria also the 
chain-forming micrococci were merely of secondary importance, occa- 
sionally invading the body under favourable conditions and giving rise 
to local and general complications. Loeffler also regarded it as possible 
that the chain-forming micrococci might set up a disease resembling 
diphtheria by attacking the mucous membranes of the throat and 
multiplying in the lymph-spaces, 
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Although the rods were undoubtedly present in the membranes, 
colonies of them failed to develop in a number of culture experiments. 
Loeffler therefore made use of another nutrient medium, solidified 
blood-serum containing 25 A of broth, and obtained in the first ex- 
periment a positive result. Besides numerous small transparent colonies 
of cocci there grew upon the surface of the serum distinct, yellowish- 
white colonies composed of rods which were identical in appearance with 
those found in sections of membranes. 

Further investigations showed that the nutrient medium made use 
of was in fact the optimum medium for the cultivation of the rods, 
and that by its help these could be easily isolated from every kind 
of diphtheritic material in which they were present. With the pure 
cultures obtained from a number of cases experiments were made on 
several species of animals. Mice and rats were not affected by inocula- 
tions, but guinea-pigs died with characteristic lesions, greyish-white 
pseudo-membranous masses at the seat of inoculation, haemorrhagic 
oedema, effusion into the pleural cavities, lobular consolidation of the 
lungs, catarrhal inflammation of the kidneys and deep reddening of the 
suprarenal capsules. The bacilli were found usually in small numbers 
only at the seat of inoculation, but were never observed in the 
organs. These facts “clearly indicated that a poison produced at 
the seat of inoculation must have circulated in the blood.” Charac- 
teristic and striking results were obtained by inoculation into rabbits. 
After inoculation upon the conjunctiva the parts became much swollen 
and covered with whitish tough membranes. Inoculations into the 
opened trachea were followed by the development of intense tracheitis, 
leading in the majority of cases to the formation of more or less extensive 
false membranes, which occasionally extended into the bronchi. The 
operation wounds frequently became covered with fibrinous deposits 
accompanied by haemorrhagic oedema of the neck. Extension of the 
process from the trachea into the pharynx was never observed. In the 
false membranes the bacilli were only found in small numbers, and were 
only observed in those parts of the mucous membrane which were 
injured during inoculation and appeared to be totally absent from the 
internal organs. Since the animals died, in spite of the scarcity of the 
bacilli, Loeffler considered that death was due to a chemical poison 
produced by the bacilli at the site of inoculation and absorbed. A 
monkey, which was but little affected by inoculation on the mucous 
membrane, developed an extensive oedematous infiltration after sub- 
cutaneous inoculation of the bacilli. In small birds intramuscular 
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inoculation was rapidly fatal, and intratracheal inoculation led to the 
formation of compact, yellow, fibrinous false membranes in fowls and 
pigeons. Attempts to infect animals by the inhalation of the bacilli 
or by inoculations on uninjured surfaces were unsuccessful. On the 
other hand even slight injuries to the mucous surfaces rendered them 
susceptible to the action of the bacilli. In the female guinea-pig, 
for example, diphtheritic lesions of the vagina! could easily be produced. 

Loeffler then proceeded to investigate the question of the occasional 
occurrence of bacilli in the mouths of healthy individuals. He examined 
by means of cultures on serum the buccal mucus and the deposits on 
the teeth of 10 adults and of 20 children from 1-—8 years of age. In 
three cases he found large whitish colonies consisting of short rods 
which did not exhibit the peculiar forms characteristic of the diphtheria 
rods, and guinea-pigs inoculated with pure cultures remained well. In 
a single instance he observed colonies of bacilli identical with the rods 
found in diphtheria in morphology, cultural characters and action on 
guinea-pigs. This circumstance was the main reason which prevented 
Loeffler from unreservedly recognising the bacilli which he had in- 
vestigated as the causal agents in diphtheria. In addition other reasons 
compelled him to hesitate. The bacilli, for example, had not been 
found in all the sections, the false membranes produced by inoculation 
in tracheotomised rabbits did not show exactly the same arrangement 
as in the human membranes, and lastly, in those experimental animals 
which had survived the sequelae characteristic of diphtheria had not 
been observed. He pointed out, however, that these considerations by 
no means excluded the possibility that these particular bacilli might be 
the causal agents of diphtheria. In regard to the discovery of virulent 
bacilli in the mouth of a healthy child he thought that at a time when 
diphtheria was common the specific organism might possibly occur in 
the throat of a child without setting up any symptom of the disease. In 
any case, since the necessary material could be easily obtained and the 
conditions for growth were known, it was desirable, if possible, to 
determine what chemical substances were produced in the growth of 
bacilli. If the same chemical products could be demonstrated in the 
culture media, in the bodies of the inoculated guinea-pigs and in the 
organs of affected persons, a weighty argument in favour of the bacillary 
nature of diphtheria would be obtained. 

Since instances of diphtheria-like diseases in animals had frequently 
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been described which might be due to the same agent which produced 
human diphtheria and which might therefore be of the greatest 1m- 
portance in spreading the disease, Loeffler studied the diphtheria-like 
diseases of calves and pigeons. He found that the diphtheria of the 
calf and of the pigeon were caused by different species of bacteria easily 
distinguishable from one another, and also from the bacilli of human 
diphtheria. Consequently these animal diseases could not play any part 
in the etiology of human diphtheria. 

In regard to the prophylaxis and treatment of diphtheria, Loeffler 
drew the following conclusions from his investigations: In diphtheria 
changes first occur in those places on which the virus is deposited, usually 
the pharyngeal region. Here the multiplication of the bacteria occurs, 
and the secretions become loaded with them. Individuals suffering 
from the disease should therefore be isolated, and all materials soiled 
with the secretions destroyed. Further, since in the act of coughing 
infective particles might be liberated and then become deposited on the 
floor and on the walls, the rooms inhabited by the sick persons ought to 
be disinfected. Lastly as a prophylactic measure all persons suffering 
from lesions of the mucous membranes ought to be protected from the 
possibility of infection. In regard to treatment his investigations 
showed that the affected parts should be treated with disinfectants as 
early as possible, that the products of the disease ought to be removed, 
and that remedies ought to be employed to combat the effects of the 
bacterial poison. 

On the 21st April, 1887, Loeffler communicated to a Meeting of the 
Berlin Army Medical Society some new and important observations 
which strengthened the arguments in favour of regarding the bacilli, 
which he had cultivated, as the causal agents of diphtheria. He 
communicated the results of an autopsy made by Professor Heller of 
Kiel immediately after death, in which typical diphtheria deposits were 
found in the stomach. In this instance numerous bacteria were found 
on the surface of the mucous membrane of the stomach, but the charac- 
teristic bacilli were only observed in the parts affected by diphtheria. 
He also cited the results of cultural investigations on 10 cases of 
diphtheria within 24 hours of the appearance of symptoms. In all 
these cases the typical bacilli were found. From one of these cases he 
isolated, together with virulent diphtheria bacilli, organisms which were 
morphologically similar to the diphtheria bacilli, but somewhat smaller ; 
these, however, when inoculated into guinea-pigs were found to be 
completely non-virulent. He pointed out the importance of the fact 
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that there exist non-virulent organisms closely resembling diphtheria 
bacilli, and urged the necessity for performing in all cases inoculations 
on guinea-pigs, animals which had been proved by numerous experi- 
ments to be peculiarly suitable for the purpose. He further pointed 
out that other bacilli belonging to the same group might be found as in 
the case of cholera, but that careful consideration of all the morphological 
and biological peculiarities would, no doubt, render a distinction between 
true and pseudo-diphtheria bacilli possible. 

Several years passed before Loeffler’s discoveries received attention 
from other observers. Babes, in 1886, was the first to seriously 
attack the problem. He was followed by Sérensen (1886), Wyssokowitsch 
(1886), D’Espine (1886-8), von Hofmann-Wellenhof (1888), Roux and 
Yersin (1888), Ortmann (1889), Zarniko (1889), Marignac and D’Espine 
(1890), Kolisko and Paltauf (1889), Spronck, Wintgens and van den 
Brink (1889), all of whom demonstrated the almost constant occurrence 
of the characteristic bacilli in typical cases of epidemic diphtheria. The 
only observers who failed to find the bacilli were Prudden (1889), who, 
like Wood and Formad at an earlier period, constantly found strepto- 
cocci in diphtheritic lesions, and Emmerich who, at the Congress of 
Hygiene held at the Hague in 1884, stated that he had found plump 
short rods which grew luxuriantly upon bouillon-peptone-gelatin and 
potato and produced croupous membranes on the mucous membrane of 
the trachea of the rabbit. These he considered to be the exciting cause 
of diphtheria. In 1890 Loeffler (1890) reviewed the investigations that 
had been made up to that time and published the results of further 
investigations, which had already (1888) been communicated to the 
Greifswald Medical Society. The objections advanced against the 
etiological significance of the diphtheria bacillus he was now able to 
overthrow point by point. 

He pointed out in a short review that his numerous positive experi- 
ments gave abundant proof of the constant association of the bacilli he 
had cultivated with diphtheritic diseases, and that evidence was lacking 
that they were “common if not regular inhabitants of the pharynx,” 
as Baumgarten had maintained. The occurrence of organisms re- 
sembling diphtheria bacilli both in diphtheria itself, in other diseased 
conditions and on healthy mucous membranes, was discussed at length, 
and the opinion expressed that the bacilli described in his first com- 
munication, the non-pathogenic organisms cultivated from numerous 
cases by von Hofmann-Wellenhof on meat-peptone-agar at ordinary 
room temperature, the organisms found in xerosis by Kutschbert and 
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E. Neisser (1883) and Ernst (1888 and 1889), and by Babes in three cases 
of trachoma, and the diphtheria-like bacillus of Zarniko, were various 
species belonging to the same natural group as the diphtheria bacillus. 
He stated that they could readily be distinguished from the diphtheria 
bacillus by certain morphological differences, the absence of patho- 
genicity for the guinea-pig, and the luxuriant growth on ordinary agar 
at room temperature. He admitted that the classification of certain 
bacilli found in non-diphtheritic processes, especially measles and scar- 
latina, which were indistinguishable in form or virulence from the 
bacilli found in diphtheria, was a difficult matter. In these cases he 
thought we might be dealing with the complication of these diseases 
with true diphtheria. In this group he placed the bacillus found by 
himself in the throat of a healthy child, and another found by 
Hofmann-Wellenhof under similar circumstances, and also the bacilli 
cultivated by Babes from three cases of follicular tonsilitis in adults, 
from the margin of a perforating ulcer of the palate in a case of 
hereditary syphilis, from a case of genuine lobar croupous pneumonia 
and from a case of stomatitis gangrenosa. He drew attention to the 
facts that neither the production of false membranes upon the con- 
junctival or tracheal mucous membrane nor the death of inoculated 
guinea-pigs were absolutely pathognomic criteria of true diphtheria 
bacilli, since bacilli existed which killed guinea-pigs with the formation 
of haemorrhagic oedema, as well as bacilli which produced false mem- 
branes on the mucous surfaces. The bacilli cultivated by Babes from 
two cases of diphtheria in human beings were cited as examples of the 
latter. They could easily be distinguished from diphtheria bacilli by 
the formation of distinct, oval spores resisting a temperature of 100° C. 
LoefHler did not consider the occurrence of bacilli, indistinguishable 
from the true diphtheria bacilli, in non-diphtheritic lesions or upon 
healthy mucous membranes an argument against the specific nature of 
the bacilli constantly found in diphtheria, because diphtheria is everywhere 
endemic, and therefore its causal agent might be deposited on mucous 
surfaces without giving rise to the characteristic morbid phenomena. 
Loeffler also communicated the important fact that two guinea-pigs, 
amongst the few which survived an inoculation with diphtheria bacilli, 
suffered from extensive necrosis of the skin, followed by very marked 
paralytic phenomena which only slowly subsided. After surviving this 
paralysis the animals were capable of withstanding repeated inocu- 
lations with cultures of bacilli without considerable local reaction. 
He also laid stress on the fact that he had succeeded, in the years 
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1887 and 1888, in obtaining the poison which he had postulated to be 
the disease-producing agent of the diphtheria bacillus, giving the 
following description of his methods: 


“T have pointed out that one of the most striking phenomena in inoculation 
experiments on guinea-pigs with the bacilli is the circumstance that, in spite of the 
severity of the lesions in the kidneys and pleural cavities, bacilli were never found 
in the organs of the inoculated animals. I concluded from these facts that the 
bacilli produced a poison which acted injuriously on the blood vessels, and naturally 
sought to obtain this poison if possible from cultures and to gain some idea of its 
nature. A year ago I described the results of the attempts I had made in the 
autumn of 1887 and summer of 1888, but in the interests of those who were not 
present at that meeting, I briefly repeat my procedures : 

At the end of October 1887 I sowed a number of flasks containing 90 grammes 
ox-bouillon (1 °/, peptone, 1 °/, grape sugar and 0°5 °/, salt, neutralised with phosphate 
of potash) with pure cultures of the bacilli. At the end of three days deposits were 
seen on the walls of the flasks, and the reaction in all cases had become acid. One 
flask was shaken up with ether for several days, and another was evaporated down 
to 10 c.c. on a water-bath. Four syringe-fulls of ether shaken with the bouillon were 
injected into a guinea-pig, 6 into a rabbit and half a syringe-full into a mouse. Apart 
from the transient action of the ether no symptoms of illness were manifested. The 
bouillon, which had been reduced by evaporation to 10 c.c., was also found to be quite 
innocuous. Other matters prevented me from continuing these investigations until 
the summer of 1888. I then decided to adopt another method of obtaining the 
poison. 

The bacterial poison resembled in its action the poison obtained from Jequiriti 
seeds, which causes inflammation and the production of false membranes when 
placed upon the mucous membranes either of men or animals. Salomonsen and 
Christmas-Dirckinck-Holmfeld had shown that the Jequiriti poison was a kind of 
enzyme, soluble in water and glycerine, insoluble in alcohol, ether, benzine and 
chloroform and completely inactivated by an exposure to 65—70° C. for one hour. 
Earlier experiments had convinced me that cultures heated for half an hour at 60° C, 
were always sterile, and when injected subcutaneously produced no effect on animals. 
Thinking that the bacillary poison might also be a kind of enzyme, I carefully 
followed the method of examination used by the Danish investigators, and, in con- 
junction with my assistant, Mr Holz, made a very large number of experiments. 
Fresh meat minced and exactly neutralised was placed in flasks in quantities of 
200—500 grms., and sterilised. After inoculation with pure cultures of the bacilli 
the flasks were incubated at 37°C. The cultures were examined four or five days 
after inoculation, and, if pure, glycerin was added and the flask was vigorously shaken. 
After a further period of 24 hours incubation the glycerin extract was precipitated 
by the addition of 5 times its volume of absolute alcohol. After standing for 24 
hours the voluminous flocculent precipitate was separated by filtration, washed 
with alcohol, carefully dried and dissolved in a very small quantity of water. This 
solution was again mixed with 5 times its volume of absolute alcohol, and at the 
same time carbonic acid gas was passed through the fluid. The white precipitate 
was again obtained by filtration, dried and finally dissolved in water. With this 
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solution guinea-pigs were inoculated. Solutions containing 0°-1—0°2 grm. of the 
substance produced violent pains in guinea-pigs after subcutaneous injection, The 
animals bristled up their hair and raised themselves up on their feet, uttering 
loud cries. Compact fibrinous nodules and haemorrhages in the muscles and 
oedema in the neighbourhood developed during the next two days at the seat of 
injection. The lymphatic glands draining the inoculated region were swollen and 
haemorrhagic, and the organs, especially the kidneys, strongly hyperaemic. The 
cutaneous lesions ended in necrosis of the skin. A pregnant animal aborted. In- 
jections into the peritoneal cavity killed the animals with all the phenomena of 
a severe inflammation of the peritoneum. The local phenomena were consequently 
the same as after the injection of the bacilli. Control experiments with uninoculated 
meat treated in the same way produced no effects. The experiment was repeated 
five times with the same result. The poison was consequently a kind of enzyme, 
similar to that obtained from Jequiriti seeds, but the action of the latter was more 
intense, for, according to the statements of the Danish investigators, the glycerine 
extract from one hundred thousandth of a gramme of the Jequiriti seed set up 
a distinct inflammation of the conjunctiva.” 


The French investigators Roux and Yersin (1888), using entirely 
different methods, reached exactly the same conclusions as to the 
nature of the poison manufactured by the bacilli. In the first place, 
they filtered seven days old cultures made in veal bouillon through 
porcelain filters, and injected the filtrate freed from the bacilli into 
guinea-pigs. Following the injection of enormous doses, 35 cc., the 
animals became ill after 2—3 days, the hair bristling up, and the urine 
showing traces of blood. Death took place in 5 or 6 days, the later 
symptoms being irregular respiration, and great weakness of the hind 
legs. Autopsies showed hyperaemia of the kidneys, ecchymoses along 
the vessels and serous exudations into the pleura. Cultures six weeks 
old gave a much more poisonous filtrate, and its effects appeared earlier. 
Even within a few hours diarrhoea set in. Older cultures produced 
a still more poisonous filtrate, for example, {th of a c.c. of a 30 days old 
culture was sufficient to kill a guinea-pig. The filtrate also produced 
an effect on rabbits, sheep, dogs and birds. In many cases where the 
dogs did not die they exhibited paralysis. Rats and mice were found 
to be as resistant to the action of the poison as they are to injections 
of the bacilli. Exposure to a temperature of 58° C. for two hours 
greatly diminished the power of the poison, and an exposure to 100°C. 
for twenty minutes completely destroyed it. The poison which had 
been attenuated by heat set up chronic phenomena, the animals be- 
coming emaciated, paralysed in the hind limbs and eventually dying. 
Exposure to sunlight and air diminished the activity of the poison. 
Roux and Yersin were able to produce these phenomena with the 
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filtered urine of individuals suffering from diphtheria, or with extracts 
obtained from the organs of persons who had died of diphtheria. 

By evaporation in vacuo and extraction with alcohol a non-poisonous 
extract was obtained. The poison was consequently insoluble in alcohol, 
and in fact could be precipitated by alcohol. From old cultures of the 
bacilli, which had lost their acid reaction and become alkaline, they were 
able to obtain the poison mechanically by fractional precipitation with 
calcium chloride. The toxicity of this precipitate was very great. 
According to Roux and Yersin ;4 of a mgrm. of this substance was 
sufficient to kill eight guinea-pigs or two rabbits. The poison, con- 
tained in the calcium chloride precipitate, could be heated in the dry 
state to 70°C. and even to 100°C. for twenty minutes without losing 
its activity. The properties of the poison led Roux and Yersin to the 
conclusion that it was a kind of enzyme. They came therefore to the 
same conclusions as Loeffler, but by another line of investigation. 

The experiments of Roux and Yersin explain the reason why Loeffler 
obtained a comparatively weak poison by extraction with glycerine. 
The latter worked with young cultures 4—5 days old, not realising that 
on artificial media the bulk of the poison is formed later. Loeffler 
made use of cultures a few days old because such cultures always 
manifested the greatest action when injected into guinea-pigs, whilst 
older cultures 4—5 weeks old were often more uncertain in their action, 
probably owing to the fact that many of the organisms were dead. 
Kolisko and Paltauf (1889) independently made use of the same 
methods as Roux and Yersin, and succeeded in separating the diphtheria 
poison from the bacilli. They filtered 14 days old living broth cultures 
through Breyer’s micro-membrane-filter and injected the germ-free filtrate 
subcutaneously into guinea-pigs in doses of lec. They observed that 
nodular infiltration occurred at the seat of injection leading to necrosis 
and the formation of ulcers, z.e. the same phenomena which Loeffler had 
observed after the injection of the substance precipitated by alcohol 
from the glycerine extract. It must further be pointed out that although 
the poison obtained by Roux and Yersin acted with such extraordinary 
virulence when injected subcutaneously into guinea-pigs and pigeons, 
it could be swallowed without danger. 

Now began a new era in the investigation of diphtheria. 

Everywhere the bacteriological study of diphtheria and of the diseases 
resembling it was prosecuted with vigour; Brieger and Frankel 
(1890), Beck (1890), A. Baginsky (1892), and H. Kossel (1895) in 
Berlin, Escherich (1890) in Munich, Klein (1890) in London, Tangl 


38 History of Diphtheria 


(1890) in Tiibingen, Welch and Abbott (1891), Prudden (1891) and Park 
(1892) in America, Lefevre (1891), Roux and Yersin (1890), Morel (1891) 
and Martin (1892) in Paris, and many other investigators, examined 
large numbers of cases. The first result of these comprehensive inves- 
tigations was the discovery of the fact that the typical virulent 
diphtheria bacillus was present in only 60—80/ of the cases investi- 
gated. It became apparent therefore, after allowing for a certain 
proportion of negative results owing to inadequate technique, that a 
certain percentage of cases, clinically diagnosed as diphtheria, were not 
true examples of that disease. These investigations also demonstrated 
that the form of the bacillus varied within certain limits, so that a 
short and a long bacillus had to be distinguished. It was further shown 
that the virulence of typical diphtheria bacilli found in the different cases 
was extremely variable; in fact in some cases highly virulent, while in 
others attenuated, and even completely non-virulent diphtheria bacilli 
might be found. A distinction had consequently to be made between 
virulent and non-virulent true diphtheria bacilli on the one hand and 
pseudo-diphtheria bacilli on the other. The differentiation of the virulent 
diphtheria bacilli from the pseudo-diphtheria bacilli required a prolonged 
investigation, including the making of pure cultures and the inoculation 
of animals. A rapid and reliable means of diagnosis was still lacking. 
Max Neisser (1897) discovered a special method of staining’, capable 
of being used for differential diagnosis, which consisted in treating 
preparations from young cultures on Loeffler’s serum for 1—3 seconds 
with a 1:1,000 solution of methylene blue containing 5 / of acetic acid, 
and subsequently stained for 3—5 seconds in 2:1,000 solution of 
Bismarck brown. The body of the diphtheria bacillus is stained brown 
and contains blue granules, usually situated at the ends, but sometimes 
also in the middle. In pseudo-diphtheria bacilli blue granules are not 
found. The granule staining has on the whole stood the test of 
extensive subsequent use. In certain cases however it has failed. 
Lubowsky (1900) later devised another method, which consisted in 
immunising animals with the non-virulent bacilli and testing the 
agglutinating properties of their serum on true and pseudo-diphtheria 
bacilli, The true diphtheria bacilli are agglutimated, but not the 
pseudo-diphtheria bacilli. The agglutination test however, owing to 
the difficulty of preparing uniform, homogeneous suspensions of isolated 
bacilli, cannot be applied except with great difficulty. It was only by 
extracting the bodies of the bacilli with 1% solution of ethylene- 
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diamin, according to Aronson’s method, and the injection of these 
extracts into rabbits, that Wassermann (1902) succeeded in preparing 
a serviceable material suitable for the differential testing by agglutina- 
tion and precipitation, so that the differentiation of the true diphtheria 
bacillus from other similar bacilli belonging to the same natural family 
can now be effected with ease. 

The extensive cultural investigations of diphtheria led to the 
recognition of the important influence exerted by secondary bacteria on 
the course of the disease. Escherich, Zarniko, Beck, Roux, Barbier 
(1891), Martin, Prudden, Prudden and Northrup (1889), Schweighofer 
(1892), Troje (1892), Koplick (1892), Goldscheider (1893) and others 
demonstrated that other pathogenic bacteria are almost invariably 
present on serum cultures together with diphtheria bacilli. Streptococci 
are the most frequent associates. Pyogenic staphylococci and pneumo- 
cocci are less common. Experimental investigations upon the combined 
action of the diphtheria bacilli and the above mentioned pathogenic 
organisms showed that the simultaneous injection of streptococci could 
increase the virulence of the diphtheria bacilli. Roux and Yersin tried 
to raise the virulence of slightly virulent races of bacilli by this means. 

As a rule it was found that the bacilli remained localised at the seat 
of invasion and multiplied there, manufacturing their poison. In this 
respect the experiments on guinea-pigs and the observations on human 
subjects were in complete agreement. In certain cases, however, a more 
general dissemination of the bacilli was noticed. 

Loeffler in his first publication had recorded the presence of the 
bacilli in the epithelium of the bronchi and in contents of the alveoli and 
the perivascular lymph-spaces. Babes, Escherich, Kolisko and Paltauf, 
and Behring and Wernicke (1892) had also in certain cases observed the 
bacilli in internal organs. 

Frosch (1893) was able to demonstrate the presence of the bacilli in 
the brain, lungs, liver, spleen, kidneys, cervical and bronchial glands, 
heart’s blood, pericardial and pleural fluids in 10 out of 14 cases, 
R. Pfeiffer (1888) also found them in the heart’s blood, and Kutscher 
(1894) demonstrated them in 8 out of 9 stained preparations from the 
lungs and in one from the kidney. Nowack (1896) proved the presence 
of diphtheria bacilli in the blood in 9 out of 22 cases by means of 
cultures. In the majority of his cases, however, he also found strepto- 
cocci, to which he attributed the severity of the symptoms. 

Important observations were also made on the duration of life of the 
diphtheria bacillus outside the body, and the conditions which affect it. 
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Loeffler (1890) found that bacilli from cultures dried on silk threads 
and kept under ordinary conditions remained alive for 3 to 4 weeks, 
while in the desiccator they might remain alive up to 10 or 14 weeks. 
From small dried pieces of membrane he was able to obtain living 
bacilli in large numbers at the end of 4 weeks, and in some cases even 
at the end of 9 weeks. From thicker pieces numerous colonies were 
obtained after 9 to 10 weeks, and isolated colonies after 18 or 14 weeks. 
After 16 weeks the bacilli could never be cultivated. 

From pieces of membrane dried on linen and kept in the dark at 
room temperature, Roux and Yersin (1890) were able to cultivate 
numerous colonies at the end of 3 to 4 months. Abel (1893) was able 
to demonstrate living bacilli on a child’s toy 6 months after infection. 

The experiments of Abel (1893) and Kasansky (1899) proved that 
the bacilli are very resistant to cold, but the observations of Gehrke 
(1896) and others showed that they are greatly affected by light. 

Several observers showed that the bacilli were capable of remaining 
alive for prolonged periods in culture. Loeffler, for example, found 
cultures to be still alive up to 331 days, Abel up to 373 days, Klein 
(1890) up to the end of 18 months, and Kasansky (1899) up to 527 
days. How long diphtheria bacilli retain their vitality on the mucous 
membranes of affected individuals was a question which required 
careful experiment. Escherich (1890) stated that he was still able to 
demonstrate bacilli 1 to 3 days after the deposits had disappeared, 
but Roux and Yersin (1890) later found the bacilli 2 weeks after the 
disappearance of the membrane. Loeffler read to the International 
Medical Congress, held at Berlin in 1890, a report upon a case in which 
virulent bacilli could be demonstrated for nearly 3 weeks after the 
temperature had again become normal. Still later Abel (1894) in one 
instance found the bacilli 65 days after the disappearance of the 
membrane. Numerous observers have more recently confirmed and 
extended these observations (see Index), 

In consequence of these facts Loeffler (1894), as President of the 
German Diphtheria Committee, proposed to the 8th International 
Congress for Hygiene and Demography held in Budapest that “Con- 
valescents from diphtheria should not be permitted to resume normal 
social intercourse until the complete disappearance of the bacilli had 
been demonstrated by bacteriological examination.” 

The occurrence of virulent bacilli, capable of conveying infection, on 
the mucous membranes of convalescents long after recovery from the 
disease explained the important observation which Loeffler had noted 
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in his first communication, and which prevented the acceptance of the 
diphtheria bacillus as the causal factor for a long time, namely the 
occurrence of diphtheria bacilli in the throats of healthy individuals. 
Numerous recent observations have proved the frequency of this 
occurrence (see Index), and similar conditions have been proved to 
prevail in cholera, in which disease only a portion of the individuals 
who acquire the organisms become ill. 

One of the first of the series of experiments on a large scale, which 
proved the frequency with which healthy individuals became infected, 
was made by Loefiler during an epidemic which raged in Greifswald. 
In recording the outbreak he says : 

** After cases of diphtheria had occurred in several schools, the Health Com- 
mission ordered a medical examination of the whole of the school children, which 
was to be repeated from time to time and to be carried out by the various medical 
departments of the University. The Institute of Hygiene participated in these 
investigations. I took advantage of this favourable opportunity and, assisted by 
Dr Abel, made a bacteriological examination of 160 children. True diphtheria bacilli 
were found in cultures from four of these. Personal enquiry was at once made in 
the school and elicited the fact that one of the children, who was harbouring the 
bacilli and who had not shown any signs of illness, was absent from school. The 
child had developed diphtheria. The second child was found to be suffering from 
mild diphtheria. This child was somewhat torpid, but had made no complaints at 
home and now sat amongst its companions suffering from diphtheria. The third 
child had slight inflammation of the tonsils, but was otherwise well, and the fourth 
child was quite well. The two latter did not become ill, although the bacilli did not 
disappear from their throats for three and ten days respectively. In 11 of the 
children we found in addition the so-called pseudo-diphtheria bacilli, which are 
regarded by many as attenuated or, more correctly, non-virulent forms of the 
diphtheria bacillus, but which I look upon as quite a different species of bacterium.” 

In a similar manner Fibiger (1897) succeeded in checking an 
outbreak which had broken out on more than one occasion (see Index). 

A great number of the healthy individuals in whom the bacilli were 
found had come into close contact with persons attacked by diphtheria, 
and the possibility that the disease might be spread by such healthy 
bearers of the bacilli was obvious. Subsequent investigations have 
proved that this is frequently the case. The reason why bearers of the 
virulent bacilli do not fall ill was first discovered by Abel (1894) and 
later, but independently, by Wassermann (1895). Loeffler reported 
upon this as follows : 

“Dr Abel has found that the blood of many healthy individuals, who have not 
recently suffered from diphtheria, possesses the property of protecting the guinea- 
pig against fatal doses of diphtheria bacilli or diphtheria poison. We must assume 
that the bacilli are unable to injure such immune individuals because the bacillary 
poison has no effect upon them.” 
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Wassermann, and after him Fischl and Wunschheim (1895) and 
Schmid and Pflanz (1896), came to the same conclusion. Klemensiewicz 
and Escherich (1893) had previously shown that protective substances 
could be demonstrated in the blood of persons who had suffered from 
diphtheria, and this observation was confirmed by Abel, Orlowsky (1895), 
Loos (1896) and others, 

The fact that sick persons harbouring diphtheria bacilli expel them 
when speaking, and more especially when coughing, was proved by their 
occurrence in cultures taken from objects in the immediate vicinity of 
the sick persons. W.H. Park (1892) found the bacilli on pillows and 
bed-clothes, and Wright and Emerson (1894) ona brush which had been 
used to sweep the floor of a diphtheria ward, in the dust clinging to the 
shoes of a nurse and on the hair of a nurse at the place usually 
touched when smoothing back the hair with the fingers. Forbes (1895) 
during an epidemic of diphtheria at Rochester, apparently due to the 
use of a drinking vessel in common, found the bacilli on the edges 
of the vessel, and Weichard (1900) once succeeded in demonstrating the 
bacilli on the glass portions of a sucking-bottle which had recently been 
used by a sick child, on the handkerchief of a child with a violent 
cough and on the carpet close to the bed of a sick child. 

In view of these positive findings the negative results obtained from 
the investigations made on this point by Hagemann and Kober (1899) 
lose their weight. 

Observations of this kind proved the necessity for strictly observing 
the rule which Loeffler had previously laid down, that “ In every case of 
diphtheria it is necessary to carry out disinfection, which should include 
all objects used by the sick person, and also the patient and the sick 
room.” 

No special methods of disinfection are necessary since many observers, 
amongst them Loeffler (1891), Behring (1894), Boer (1891), D’Espine 
and Marignac (1890), Aronson (1890), Laser (1894), Drier (1894), 
Beck (1901), have proved the relatively small power of resistance 
possessed by the non-spore-forming diphtheria bacillus against many 
disinfecting agents. 

At an early period in the bacteriological investigations of diphtheria 
Loeffler (1890) came to the conclusion that under suitable conditions 
the diphtheria bacillus was capable of multiplying outside the body, 
because the minimum temperature at which the bacillus grows is about 
20° C., a temperature which in summer, and in heated rooms in winter, is 
very often reached and even far exceeded. Moreover suitable conditions 
for its growth are not wanting, and Loeffler especially referred to milk in 
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which the bacilli grow well. Outbreaks of diphtheria traceable to the 
milk traffic have been repeatedly mentioned in literature (see Index). 

As early as 1885 Power described a series of epidemics in which he 
found the distribution of scarlet fever and also of diphtheria to be 
strictly limited to the customers of one, or a few, milk sellers; and 
Loeffler, in his address on the hygiene of dairy products to the meeting 
of the Deutscher Verein fiir offentliche Gesundheitspflege, held in 
Rostock in 1901, mentioned two epidemics described by Deneke at 
Stendrup and Flensburg, in which only the customers of a certain 
dairy were attacked. 

In Stendrup a woman used to milk her cows immediately after 
attending on her child which was suffering from diphtheria, and sent 
out the milk in vessels which she had cleaned. 

In Flensburg the two children of the man who brought the milk 
from the farms and took it to the dairy were suffering from diphtheria. 
After collecting the milk this man first went home, carried the cans 
inside and took out his own share of milk. In both these cases every 
opportunity was afforded for the milk to become infected. 

The part played by animal epidemics in the diffusion of human 
diphtheria has often been studied. Loeffler’s observations on the causal 
agent of pigeon diphtheria, which have already been quoted, were 
confirmed by Piitz (1887), Cornil and Babes (1890), Méguin (1891) and 
Ménard (1890). Emmerich discovered both in human diphtheria and 
in six cases of pigeon diphtheria, bacilli which differed entirely from 
the diphtheria bacillus. Concetti (1894) succeeded in cultivating from 
the grey white membrane upon the posterior wall of the throat of 
pigeons a short bacillus which liquefied gelatine. By means of pure 
cultures he produced diphtheritic deposits on the mucous membranes of 
pigeons. The birds died in 6 to 8 days. L. Pfeiffer (1888) found in the 
exudations from pigeons suffering from diphtheria enormous numbers of 
flagellata (Protozoa), which he considered to be the cause of the disease. 
Babes and Puscariu (1890) also found these flagellata, but found together 
with them the bacillus of pigeon diphtheria corresponding in its cultural 
characters and pathogenic action with the organism described by 
Loeffler. On the other hand certain clinical evidence points to some 
connection between human and avian diphtheria. Gerhardt (1883) 
stated that during an epidemic, which broke out amongst the fowls in 
a poultry rearing establishment in Nesselhausen, two-thirds of the day- 
workers suffered from a diphtheria-like disease, and that a number of 
them communicated the disease to their children. At that time true 
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diphtheria was not prevalent in the locality. Roth (1888) declared that 
all hens which ate the false membranes of children suffering from 
diphtheria fell ill of diphtheria, and Turner (1887) stated that on 
several occasions an attack of croup in children was preceded by 
diphtheria amongst the fowls. 

Barbier (1899) mentioned the case of a woman 67 years old, who 
developed all the symptoms of severe diphtheria three days after 
cleaning out an hen-house occupied by Italian hens which were suffering 
from diphtheria. No other case existed in the neighbourhood, and she 
had never been out of the house for the previous three weeks, 

Debrie (1892) described an outbreak amongst hens, which were 
looked after by an attendant attached to the hospital at Sebdou, 
shortly after the admission of several soldiers suffering from diphtheria. 
Finally Cole (1894) and Schrevens (1894) described cases of the 
transmission of fowl diphtheria to children. In none of these cases, 
however, was there any mention of bacteriological examinations. Loir 
and Duclaux (1894) had the opportunity of studying a widespread 
epidemic of avian diphtheria in Tunis, in which frequently two-thirds, 
and occasionally even the whole, of the poultry died. The cause of 
this disease was found to be a motile bacillus with blunt ends, which 
could be found in all the tissues and fluids of fowls which had died from 
the disease. Cultures of this bacillus produced a luxuriant growth con- ° 
sisting of yellowish-white colonies on potato at ordinary temperature. It 
did not stain by Gram’s method. The organism was pathogenic for the 
fowl, pigeon, duck, sparrow and rabbit, but not for the guinea-pig, and 
was therefore entirely different from the bacillus of human diphtheria. 
Nevertheless it was capable of producing in man a diphtheria-like 
disease, in which it could be demonstrated in the false membranes. 
Gallez Jr. (1896) on the other hand considered that it was important to 
distinguish between the so-called diphtheria of the fowl and a disease 
known amongst veterinary men as “ catarrhe contagieux.” He says that 
in this form of catarrh a bacillus is found only differing from Loeffer’s 
diphtheria bacillus by its lesser degree of virulence. When the 
virulence of this bacillus is augmented and it is injected in large doses 
into rabbits it rapidly kills the animals, with lesions similar to those 
produced by the human diphtheria bacillus. This observer concluded 
therefore that “catarrhe contagieux” was a common cause of sudden 
outbreaks of true human diphtheria, an assumption which has up to 
the present not been confirmed. The literature of this subject has 
been reviewed by Galli-Valerio (1897). 
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Loeffler’s investigations on the diphtheria-like disease in calves, first 
described by Dammann (1891), was completely confirmed by Bang (1893). 
Klein (29. 1v. 1890) however has described naturally acquired diphtheria 
in cats and experimental diphtheria in cows (see Index). Other observers 
have not confirmed his statements. 

Up to the present therefore both experiments and observations 
indicate that diphtheria is almost entirely spread by human agency. 

Numberless investigations on diphtheria bacilli in diphtheritic secre- 
tions and in cultures have increased our knowledge of the morphology 
of the bacillus. 

In the year 1890 Klein (1899) observed that the bacilli, found in 
the infiltrated areas produced in cows by the subcutaneous injection of 
diphtheria bacilli, had often grown out into threads of great length. 
These threads were provided with lateral or terminal buds or swellings. 
He therefore compared the diphtheria bacillus to a mycelial fungus. 
Kanthack (1896) also observed club-shaped and branched forms. 
General attention, however, was only drawn to the branching of the 
diphtheria bacillus by the communications of Babes (1889) and C. 
Frankel (1895) on the occurrence of such forms in diphtheria cultures. 
Bernheim and Folger (1896) later observed branching forms in 
diphtheritic membranes. Meyerhof (1898) on this account regarded 
the diphtheria bacillus as a species closely allied to the streptothrices, 
while Lehmann and Neumann (1896) separated them from the bacteria, 
and grouped them with the Hyphomycetes under the genus Corynebac- 
terlum (xopvvn, club). 


The Toxin of B. diphtheriae. 


The capacity for producing a soluble poison, the most interesting 
and important property of the diphtheria bacillus, has been closely 
studied by many investigators. Brieger and Frankel (1890), like 
Roux and Yersin, showed that the toxin producing power could 
be increased or diminished. They found that after the bacilli had 
been grown for some time on glycerine agar their power of manufac- 
turing poison diminished. They further found that the poison was 
injured by exposure to 60°C., but not by exposure to 50°C. They 
finally endeavoured to obtain the poison in a pure form by precipitation 
with ammonium and sodium sulphate. By repeated precipitation with 
alcohol and dialysis they obtained a substance which killed animals, in 
small doses, 2°5 mgrm, per kilo, Owing to the fact that this substance gave 
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the characteristic reactions for albumen they gave to it the name of 
tovalbumin. By evaporation in vacuo, dialysis and treatment with 
60—70 { alcohol, and simultaneous acidification with acetic acid, 
Proskauer and Wassermann (1892) obtained a fine white powder ot 
great toxicity. A similar albumen-like preparation was obtained by 
extraction with glycerine from the organs of animals and also of human 
beings who had died from diphtheria, by Brieger and Wassermann (1892). 
Sidney Martin (1892) obtained similar results. According to this 
observer there is present in the false membranes a ferment-like body 
differing from the toxic albumoses. 

Gamaleia (1892) considered the diphtheria poison to be an albuminous 
body, belonging to the group of nucleoalbumins. He believed that 
the toxin was contained in the bodies of the bacteria and was gradually 
extracted from them by maceration, because, notwithstanding vigorous 
growth, the broth at first possesses no toxic properties, whilst the 
toxicity increases with the age of the culture, which becomes alkaline. 
Behring (1898) by reflection and experiment arrived at a different view 
as to the nature of the diphtheria poison. In his opinion the diphtheria 
poison could not be an enzyme or ferment, because it has not the almost 
unlimited capacity for action possessed by these bodies. 

In the case of the diphtheria poison on the other hand we can calculate 
with the greatest nicety the amount of the poison that is necessary 
in order to kill a guinea-pig, rabbit or sheep of known weight and age, or 
the quantity sufficient to make it ill. Behring thought that the nature of 
the diphtheria poison was not yet understood, and that observations of 
Brieger and Frankel and of Gamaleia had not materially advanced our 
knowledge. H. Kossel (1896) thought that the toxin mainly originated 
in the bodies of the bacteria and was a metabolic product of the 
diphtheria bacilli. Guinochet proved that it could not be an albumi- 
nous body, because the filtrate from a culture grown in urine, free from 
albumen, was distinctly toxic. Further evidence in this direction was 
obtained by the experiments of Brieger and Boer (1895). Continuing 
the work of Knorr (1899), who had shown that the diphtheria poison 
could be obtained from the culture fluid in a very concentrated form by 
precipitation with ammonium sulphate, they found that it could be 
precipitated by zinc chloride and could be again set free by means of 
sodium phosphate. The product so obtained exhibited neither albumen 
nor peptone reactions and was found to be optically inactive. They 
succeeded in isolating at the same time from the bodies of the bacteria 
another poison which possessed the property of causing necrosis, 
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Carrying their investigations further they at last succeeded in obtain- 
ing the pure toxin by means of a double zinc combination. The body 
thus obtained they were unable to refer to any definite group of organic 
substances by the use of the ordinary reagents. 

Then came the fundamental researches of Behring and of Ehrlich on 
the estimation of the strength of the diphtheria poison, and the most 
important investigations of Ehrlich (1896-98) on the changes taking 
place in solutions of the diphtheria poison with keeping, and the in- 
vestigations of Madsen (1897), Arrhenius and Madsen (1902) and Dreyer 
and Madsen (1902) on the constitution and mode of action of the diph- 
theria poison. Many investigations were made as to the most suitable 
media and cultural conditions for the formation of the poison. Especial 
mention must be made of the paper by Roux on the necessity for an 
abundant supply of oxygen and the cultivation of the bacilli on the 
surface of peptonised ox-bouillon, and the demonstration by Spronck 
(1895) of the influence of the sugar contained in the meat from which 
the bouillon was made. 


Local Treatment of Diphtheria by Chemical Agents. 


The most important results however were obtained from experi- 
ments which had in view the destruction of the bacilli in the infected 
areas and the neutralisation of the intoxication caused by the bacillary 
poison. With regard to local treatment, Loeffler (1891) endeavoured to 
find means on the one hand to prevent the lodgement of diphtheria 
bacilli on the mucous membranes, and on the other to destroy the 
bacilli which had already developed in dense masses on the superficial 
layers of the false membranes. Experiments on serum cultures showed 
that corrosive sublimate (1 : 10,000—1 : 15,000), cyanide of mercury 
(1 : 8,000—1 : 10,000), chloroform water, chlorine water (1 part of chlorine 
in 1,100 parts of water), or thymol (1 part in 500 parts of 20% alcohol) 
acting for 10 seconds prevented the development of the bacteria. The 
same result was obtained by the continuous action of the vapour of 
benzol, toluol, several ethers of the aromatic series, as phenetol and anisol, 
and also several ethereal oils, as the oil of orange-peel, lemon oil and 
eucalyptus oil. Cultures of diphtheria bacilli were killed in 20 seconds 
by corrosive sublimate (1 : 1,000), carbolic acid (3% in 30% alcohol or 
5 Y in aqueous solution), bromine (2// in aqueous solution) and chlorine 
(1 {% aqueous solution). 

As, however, 20 seconds proved in practice to be too long, Loeffler 
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tried to find a quicker method of killing the bacilli, and discovered that 
a mixture consisting of 36 c.c. of toluol, 60 c.c. of absolute alcohol, 4 cc. 
of liquor ferri sesquichlorati and 10 grms. of menthol (to hinder pain) 
acted rapidly and successfully. During an epidemic 71 patients were 
treated with this mixture and not one of them died, whilst among 
the other notified cases there was a mortality of 182%. Behring 
(1890), in collaboration with Boer (1891), observed the effect of various 
substances on animals infected with diphtheria, and came to the con- 
clusion that only a few of these were of any value as local applications. 
These were zinc chloride, sodium auric chloride, and iodine trichloride, 
which, as Behring (1893) pointed out, are closely related to hydro- 
chloric acid. Bretonneau used the latter with success in the treatment 
of diphtheria of the skin and of the mucous membrane, when the areas 
of infection were limited; and it had been recommended almost 100 
years previous to Bretonneau’s time by Gerard van Swieten as an 
excellent curative remedy. Preparations of mercury, aniline dyes, 
arsenic, and most of the preparations of the benzol series, as well as 
many other remedies frequently used in the treatment of diphtheria, 
were found to be of little value in the treatment of experimental 
diphtheria, or at any rate very inferior to hydrochloric acid or substances 
which give off hydrochloric acid or free chlorine in contact with living 
tissues. 


The Discovery of Antitoains and their Application in the Treatment 
of Diphtheria by Behring, Roux and others. 


The therapeutic investigations of Behring led up to a subject of 
great importance, the artificial immunisation of animals against diph- 
theria. 

Local treatment was naturally only practicable in cases in which 
the pharyngeal mucous membrane alone was involved, while in cases of 
nasal, laryngeal, and bronchial diphtheria little could be effected by 
local treatment. Moreover, local treatment could not destroy the 
poison which had already penetrated into the body. As Loeffler had 
pointed out in his first communication, the principal danger in diph- 
theria lies in the action of the poison, and the main object of treatment 
should be its neutralisation. To Behring belongs the distinction of 
being the first to achieve this object. 

Loeffler (1890), in a paper entitled “Der gegenwartige Stand der 
Frage nach der Entstehung der Diphtherie,” quoted a case in which a 
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guinea-pig recovered from the effect of an injection of diphtheria bacilli 
after extensive necrosis of the skin. A second injection only produced 
a slight local swelling, but the animal developed severe paralysis from 
which it recovered after three weeks. Subsequent injections only 
produced slight local reactions, showing that the animal had become 
immune, and the experiment therefore showed the possibility of immu- 
nising animals against diphtheria. In the same year, C. Frankel (1890) 
and Behring (1890) began to work upon artificial immunisation against 
diphtheria in the Institute of Hygiene directed by Koch. While 
Frankel directed his attention to immunisation by means of diphtheria 
cultures and endeavoured to obtain immunity by the injection of large 
quantities of broth cultures heated to 65° C., Behring, following the 
indications given by experiments on the treatment of animals by means 
of chemical agents, obtained another kind of immunity. Guinea-pigs 
which were inoculated subcutaneously with diphtheria cultures and 
injected immediately afterwards and on the three following days with 
certain quantities of 1—2°/ solutions of iodine trichloride, remained 
alive, whilst the control animals died within 24 hours. The survivors 
however suffered from limited local inflammation and necrosis of the 
skin. Animals, which had recovered their general health but still 
retained an open ulcerated surface, exhibited greater powers of resistance 
to infection than normal animals. After complete recovery two animals 
withstood injections of fully virulent diphtheria bacilli which killed 
control animals in 36 hours. In his first paper on diphtheria Behring 
(1890) made the following remarks on this subject: 

“A method of immunisation, which has not yet been used, consists in first 
infecting animals and then arresting the disease by therapeutic treatment. This 
method reminds one of the acquisition of immunity in man after convalescence 
from many infective diseases.” 

In regard to tetanus Behring and Kitasato (4. x11. 1890) made the 
following statement: “The immunity of rabbits and mice, immunised 
against tetanus, consists in the power of the cell-free blood fluid to render 
innocuous the toxic substance which the tetanus bacilli produce. This 
point of view had not been taken by any of the previous observers, some 
of whom had attempted to account for the phenomena by the theory 
of phagocytosis, others by the bactericidal action of the serum. The 
experiments on tetanus, which demonstrated the following facts ex- 
plained, however, acquired immunity in diphtheria: 

1. The blood of the rabbit immunised against tetanus possesses 
the property of destroying the tetanus poison, 


N. D. 4 


50 History of Diphtheria 


2. This property can be demonstrated both in the blood and in the 
cell-free serum. 

8. This property is of such a permanent nature that it is capable 
of acting when the blood is injected into other animals. The serum 
can, therefore, be used as a therapeutic agent. 

4. Substances which destroy the tetanus poison are not found in 
the blood of susceptible animals, and when the tetanus poison is injected 
into susceptible animals it is possible after the death of the animal to 
recover the poison from the blood and other body-fluids.” 

Up to this time, owing to the fact that a sufficiently high degree of 
immunity had not been obtained, doses of the serum of immunised 
animals had been found to be incapable of protecting guinea-pigs against 
lethal doses of toxin. Further experiments carried out by Behring and 
Wernicke (1892) soon led, however, to the desired result. Behring 
(1891) communicated the results of these experiments to the 7th Inter- 
national Congress of Hygiene and Demography in London in the 
following words : 


“During the course of the last few months in conjunction with Dr Wernicke 
I have been able to demonstrate that the resistance of guinea-pigs against the 
specific diphtheria poison is increased with their resistance against the living bacilli, 
and that the blood of highly immunised guinea-pigs possesses outside the body the 
power of destroying the diphtheria poison, and further that guinea-pigs can be 
rendered immune by intraperitoneal injections of the blood of immunised animals, 
or, if infected, can be cured. 

To illustrate these points I will give the following examples : 

A guinea-pig immunised in October 1890 resisted in November and the be- 
ginning of December inoculations which killed control animals in 2—3 days. It 
suffered from a transient general illness, and infiltration at the seat of injection 
followed by necrosis. 

On the 11th December, 8 ¢.c. of blood were taken from the left carotid of this 
animal. The serum obtained from this blood was capable of partially neutralising 
lethal doses of poison. For example, whilst 1 c.c. of a solution of the poison 
when given alone killed a guinea-pig in two days, a guinea-pig injected intra- 
peritoneally with 1 c.c. of the solution of the poison and 4 cc. of serum died 
on the 8th day. 

The degree of immunity attained was not yet, however, sufficient to enable us 
to demonstrate with certainty the antitoxic action of the blood. 

This partially immunised animal received at the end of December another 
dose of a diphtheria poison which made untreated guinea-pigs ill but which was not 
fatal. No further injections were made for 3 months, but on the 1st April, 1891, the 
animal resisted a dose of diphtheria poison, which killed 11 other guinea-pigs within 
a few days. 

In May it was again, on two occasions, injected with a treble dose of a culture 
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of diphtheria, from which animals died in from 4—5 days. These injections pro- 
duced no reaction and the animal had consequently an immunity of at least 6. 

On May the 30th, 8 c.c. of blood were drawn from the right carotid. 4 c.c. of the 
serum, which was obtained, were mixed with twice the fatal dose of a toxin and the 
mixture injected into an untreated guinea-pig. This animal remained well and 
5 days later it was found to be so far immune against an inoculation of diphtheria, 
from which the control animal died in 3 days, that it survived, though it 
exhibited a considerable local reaction (infiltration with subsequent necrosis). 
After the injection of a larger dose of the poison, given soon after, it died. A 
blood sample taken previously from the carotid did not exhibit any noteworthy 
antitoxic action. 

The above highly immune animal received in June several doses of highly 
potent poison and gave no reaction. 

Another guinea-pig, which was immunised in January of this year, had by May 
attained such a degree of immunity, that it exhibited no reaction when inoculated 
with twice the quantity of poison fatal for control animals in 4—5 days. From this 
animal 6 c.c. of blood were taken from the left carotid in July. 

Two other guinea-pigs each received intraperitoneally 3 c.c. of this blood. One 
of them had been inoculated shortly before with a culture of diphtheria bacilli which 
killed two control animals in 3 days, and the other animal was inoculated 3 days 
after the injection of the blood. Both exhibited local infiltration and were ill for 
a short time, but did not die. 

Having demonstrated in this fashion the possibility of obtaining in animals 
such an immunity against diphtheria that others could be immunised by injections 
of their blood, and even recover after infection had taken place, Wernicke and 
I immunised rabbits against diphtheria and used their blood with success in the 
immunisation and treatment of guinea-pigs.” 


The question of immunisation was thus substantially solved. 

These fundamental observations were soon followed by the discovery 
of a large number of new methods of treatment, by means of which 
animals could be immunised against a fatal infection with bacilli or 
against fatal doses of poison. By the use of gradually increasing 
quantities of broth cultures or of diphtheria toxin active serums were 
always obtained from the animals. 

Succeeding this, attempts were made to obtain sera containing 
antitoxin of the highest possible strength in such quantities that they 
could be employed in the treatment of human beings. Large quantities 
of blood serum could only be obtained from large animals, consequently 
sheep, goats, cattle, and eventually horses, were immunised on the same 
principles, and finally, by the use of very active toxins sera were obtained 
which contained large quantities of the active antitoxin. The prepara- 
tion of the serum on a large scale was first undertaken by the aniline 
works of Meister, Lucius and Briining at Hochst, and was introduced 
into practice in 1893. 

4—2 
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Behring’s fundamental discovery was the starting point for number- 
less investigations which have added greatly to our scientific knowledge. 
The production, actions, composition, alterations, and relations to anti- 
toxin of the diphtheria toxin have been studied by many observers, 
especially Behring, Ehrlich, Roux and Yersin, Metchnikoff, Bordet, 
Wassermann, Arrhenius and Madsen, and the results have explained 
many of the complicated phenomena found in immunity against diph- 
theria. 

Innumerable observations on the clinical value of the treatment by 
antitoxin, particularly the thorough investigations of Emil Roux, have 
expelled all doubts as to its efficacy. The mortality statistics, 
especially of the German Empire before and after the introduction 
of antitoxin, have demonstrated the enormous reduction in the death- 
rate in diphtheria brought about by the use of this remedy. In 
fact Behring’s discovery conferred an incalculable benefit upon the 
human race. 

The success of the therapeutic and prophylactic employment of 
diphtheria serum allows us to entertain the hope that we shall succeed, 
in conjunction with measures for isolation and disinfection, in again 
reducing, if not completely eradicating, the plague which has firmly 
established itself throughout the whole civilised world. 
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WHEN a disease occurs like diphtheria in great epidemics with long 
inter-epidemic intervals, a study of its epidemiology must precede any 
accurate statement on the influence of season and still more of climate 
on its prevalence. To ascertain the geographical distribution of 
diphtheria we are still more dependent upon a knowledge of its 
epidemiology; for it would evidently be most fallacious to compare 
the amount of diphtheria in one community during an epidemic period 
with the amount in another community in an inter-epidemic period. 
Even when the average death-rates from diphtheria of two communities 
for a series of years are compared, error may arise; for it may happen, 
for instance, that the experience of one community during the period 
under examination comprises one and of the other community two 
epidemics, and that if a different series of years had been selected an 
opposite conclusion would have been drawn. For these reasons, when 
dealing with an epidemic disease like diphtheria, it is well to show in 
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tabular form or plot out on a curve the annual death-rate for as long a 
series of years as can be secured. When different curves are then 
compared their relative heights can at once be judged by the eye, 
and the number of epidemic peaks embraced in each curve can at 
once be seen. 

Our knowledge of diphtheria belongs to two periods, before and 
since statistical returns have been available. Our knowledge of the 
epidemiology of this disease would be defective, were our attention 
confined to the latter period; for, smce the causes of death have been 
registered, only two great pandemics of diphtheria have occurred, and 
the basis of induction from the facts of these pandemics is correspond- 
ingly narrow. I propose, therefore, to consider briefly in the first 
instance the epidemiology of diphtheria prior to the pandemic of 
1855-63, for which somewhat imperfect statistics exist im England. 
In most other countries statistics are of more recent standing. 

Diphtheria in the Prae-statistical Period.—Diphtheria was known to 
the ancients, Aretaeus (circa A.D. 50) having described under the name 
of the “Syrian ulcer” the characteristic pharyngeal membrane and its 
extension to the larynx with consequent suffocation. The first great 
epidemic of diphtheria which can be definitely recognised was described 
by the Spanish doctors. It occurred between the years 1583 and 1618, 
under the significant name of “ garotillo.” Its ravages appear to have 
culminated in the year 1613, which was known as “anno de los 
garotillos.” In 1618 it had spread to Naples, where in two years it 
claimed more than 5000 victims, chiefly children; Here it was known 
as “male in canna,” or “affection strangulatoire.” Between 1620 and 
1642 it spread as far as Sicily and Sardinia, ending its cycle in 1642 
with a second terrible recrudescence in Naples. 

In the 18th century diphtheria spread beyond the two southern 
peninsulas to every part of Europe and to North America. Near 
the middle of the century France was invaded, first in detached places, 
but by 1750 nearly every part had become implicated. In 1749 
Chomel described cases of diphtheritic paralysis in connection with the 
epidemic in Paris. Fagge states that in 1746 an epidemic occurred 
in Bromley, Kent. In 1749 an epidemic of “malignant ulcerous sore 
throat” appeared at Liskeard in Cornwall, of which Dr Starr contributed 
a description to the Philosophical Transactions. He fully described the 
false membrane and its extension to the larynx. About this time 
appeared Fothergill’s An Account of the Sore Throat (London, 1748). 
Many of the old English descriptions leave it open to doubt whether 
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scarlet fever with malignant sore throat was not being described. The 
confusion is not surprising, in view of the fact that diphtheria and 
scarlet fever are often epidemically prevalent together. In 1752 an 
epidemic of diphtheria was noted in New York. In 1775 diphtheria 
had become widely prevalent over the United States; and the death of 
Washington apparently was caused by it. 

After 1770 epidemics of diphtheria which had been common in 
Central Europe gradually became rarer, and the disease was in partial 
abeyance through most of the first quarter of the 19th century. This 
long eclipse of the disease is especially interesting in view of the similar 
eclipse between 1855-63 and 1887. Between 1817 and 1826 diphtheria 
again became widely prevalent. In 1817 an epidemic occurred at 
Ashford in Kent, which was described by Burdon Sanderson as “an 
epidemic of malignant sore throat, which proved extensively fatal to 
children, was never accompanied with any eruption, and differed from 
scarlatina (Thorne, p. 15).” In Glasgow similar outbreaks occurred in 
1819 and 1825. Between 1818 and 1821 occurred the well-known 
epidemic at Tours described by Bretonneau. A second epidemic 
occurred there in 1825-26 ; and in Bretonneau’s treatise, which appeared 
in 1826, the term “diphthérite” was first used. This was changed 
by his pupil Trousseau to “ diphtherie.” | 

The first reference to climatic conditions affecting diphtheria which 
I have found was in the report of the Lancet Sanitary Commissioners 
in 1859. This report states that “while in the year 1825, a year 
remarkable for its extreme dryness, the communes north of Orleans 
were laid waste by diphtheria, it made as many victims in the damp 
and warm year, 1828, in the country south of Orleans.” 

Diphtheria in the Statistical Period Next came the great pandemic 
of 1855-63, which, so far as can be gathered from historical evidence, 
was greater than any outbreak since the 16th century, and differed from 
the latter in its wider distribution. As in all previous outbreaks in 
which the point is mentioned, the pandemic prevalence in 1855 
onwards was preceded by numerous smaller outbreaks, like the 
sprinklings of rain before a downpour. Thus Netten Ratcliffe (1863) 
says that the first epidemic in England and Wales was in 1849-50 in 
Pembrokeshire. He mentions, however, that cases of diphtheria had 
been observed during 1848-49 in St Thomas’s Hospital, London, in 
Herefordshire, Staffordshire, and near Yarmouth (Ratcliffe, 1863). In 
October, 1850, Dr Bennett read a paper before the Medical Society of 
London detailing cases of diphtheria in his practice. Netten Ratcliffe’s 
remark as to “first epidemic” and the general impression that the 
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English cases of “Boulogne sore throat” in 1857 were a new disease, 
indicate that doctors were then unfamiliar with the disease, and throw 
much light on the invasive and intermittent character of its prevalence. 

The various parts of Europe were invaded between 1855 and 1870. 
In 1859 it had become general throughout England. In 1856 a terrible 
epidemic occurred in San Francisco and in other towns of California, on 
which Dr J. V. Fourgeand wrote a monograph. Between 1855 and 
1880 all parts of the United States had been invaded. 

The preceding historical sketch is in rough outline, but this outline 
is needed if the characteristic epidemiology of diphtheria is to be 
understood. One further historical fact is needed in order to the 
correct interpretation of the statistics of diphtheria. In 1765 Dr Home 
of Edinburgh published a treatise on Croup, in which he accurately 
described the formation of a false membrane in the larynx and trachea, 
but unfortunately succeeded also in his attempt to convince the medical 
profession that angina maligna and croup were two distinct diseases, 
notwithstanding the prevalence for ages of the contrary view. In 1771, 
Dr Bard of New York published a treatise on Angina Suffocation, in 
which he supported the doctrine that the membranous process was the 
same whatever were the mucous membranes attacked. The treatise 
was republished in Paris in 1810 and was quoted by Bretonneau. 
It is unfortunate for the complete value of English statistics that 
Home’s views were generally accepted, and that croup and diphtheria 
have continued to appear in the official reports as distinct diseases’. 
It is not suggested that every case of “croup” is—though doubtless 
the vast majority of such cases are—laryngeal diphtheria. That this 
is the present opinion of most medical practitioners is indicated 
by the diminishing proportion of croup to diphtheria in the national 
death-returns, as shown in the following table. 


TaBLE I. Death-rate per million living from Diphtherra aud Croup 
in England and Wales. 


Periods :—1858-60 1861-70 1871-80 1881-90 1891-1900 1901-03 
Diphtheria... Ma BH 185 121 163 263 139 
Croup at soe PAE 246 168 144 52 ie) 
Croup per cent. of total 
Diphtheria plus Croup ae af be Ul iy ae 


1 In the Nomenclature of Diseases drawn up by a Joint Committee appointed by the 
Royal College of Physicians and issued at the end of 1906, it is specially noted that ‘‘ the 
use of the term ‘membranous croup’ as a synonym for ‘laryngeal diphtheria’ should be 
discontinued.” In the Registrar-General’s reports also, although the entry Croup remains, 
it is now defined as not including spasmodic or membranous croup. Membranous croup 
has been merged with diphtheria. 
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Between 1881 and 1890 a transference from croup to diphtheria 


began, which has gradually increased until im 1901-8 croup only 


aggregate deaths ascribed to diphtheria and croup in 
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Annual Death-rate per million persons living in England and Wales from 


Fig. 1. 


Scarlet Fever and Diphtheria, 1855-1903. 
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accepted in the 16th and 17th centuries, and was known in the Ist 
century of the Christian era. 

The recent epidemiology of diphtheria in England is set out in 
Fig. 1, which shows also the corresponding death-rates from scarlet 
fever. In view of the clinical affinities between the two diseases, and 
of the fact that they are frequently epidemic together, it is interesting 
to note how much more frequent as well as more fatal were the 
epidemics of scarlet fever than of diphtheria up to 1880, and how 
from 1889 onwards scarlet fever has become much less fatal than 
diphtheria. The knowledge derived from notification returns enables 
us to say that much of the diminished death-rate from scarlet fever 
is due to diminished fatality (case-mortality). There is no certain 
evidence of diminished fatality in diphtheria, apart from its treatment 
by antitoxic serum. 

Fig. 1 represents the experience of England as a whole. Various 
parts of the country have suffered from epidemics of diphtheria in 
different years, and the preceding curve must therefore be regarded as a 
composite of these different experiences. The curve shows that during 
the period for which statistics are available two great epidemics have 
occurred, the first ranging from 1857-65 and the second culminating 
in 1893. Between these years diphtheria was endemically present to 
a less extent. To illustrate the gradual spread of diphtheria and the 
magnitude of epidemics in different towns the following examples are 
taken. 


TasLE II. Uwnirep Kinapom. 


Death-rate per 100,000 inhabitants from Diphtheria, in years of maximum 
and minimum Death-rate from this disease. 


Maximum Minimum Years of observation 
London 76 in 1893 8 in 1872 1871-1903 
Croydon 95 in 1893 7 in 1897 1875-1905 
Salford 106 in 1889 6 in 1873 1860-1905 
Sheffield 133 in 1899 4 in 1884 1859-1904 
Leicester 144 in 1906 2 in 1892 1857-1904 
Bristol 54 in 1902 7 in 1890 1890-1904 
Glasgow 60 in 1863 3 in 1860 1859-1904 
Edinburgh 38 in 1889 9 in 1889 1880-1904 
Dublin 26 in 1899 2 in 1889 1881-1903 


The history of diphtheria in London in recent years also illustrates 
very well the rule that a large community is not entirely invaded in a 
single year, but suffers from repeated smaller outbreaks. The following 
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figures in brackets give the maximum death-rate from diphtheria per 
100,000 inhabitants in each metropolitan borough. Chelsea had a first 
maximum (58) in 1890, then an interval of much lower death-rate 
followed by a second maximum (117) in 1896. The maxima of 
Hammersmith were in 1891 and 1892 (75 and 74), of Fulham (99) 
in 1894, of many other metropolitan boroughs in 1893 ranging from 
112 in Finsbury to 65 in Lambeth. Fulham had its maximum (99) in 
1894; so had Paddington (76) and Camberwell (78) followed by a 
second higher maximum (101) in 1896. The detailed curves given 
elsewhere by the writer (Newsholme, 1898, p. 59) show that while one 
part of the metropolis was suffering severely from diphtheria, others 
were relatively exempt; these in their turn being invaded. These 
and similar facts to be culled from the experience of different parts 
of the country make it clear that diphtheria is a disease which 
creeps slowly from place to place, and that in each place months 
or even years may elapse before it takes firm root and begins 
actively to spread. Obviously climatic difference cannot explain these 
time-differences in the metropolitan boroughs, which must be in the 
main a question of opportunities for free personal inter-communication 
and infection. This of course does not exclude the possibility of auxiliary 
local factors special to some districts, nor of the operation of the wider 
causes determining an epidemic, to be subsequently discussed. The 
London experience is further interesting as showing that the first 
outbreak of the disease does not exhaust its local possibilities. A 
second outbreak or epidemic “relapse” occurred in recent years in at 
least fifteen out of the twenty-eight metropolitan districts examined by 
me. In the prae-statistical period similar experiences were observed at 
Naples and elsewhere. 

Statistical Eaperience of Other Countries—It is not proposed to 
pursue in detail the statistical study of diphtheria in other countries 
than England. The main facts can be set out in tabular form as 
follows, though curves showing the annual mass of the disease enable 
its incidence to be more easily followed. 
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ForEIGN CITIEs. 


Death-rate per 100,000 inhabitants from Diphtheria, in years of maximum 
and minimum Death-rates from this disease. 


Maximum Minimum Years of observation 
London 76 in 1893 8 in 1872 1871-1903 
Paris* 121 in 1877 10 in 1898 1865-1902 
Rome* 122 in 1879 8 in 1895 1877-1895 
Florence* 422 in 1871 23 in 1884 1866-1890 
Antwerp* 217 in 1865 17 in 1896 1860-1896 
Brussels* 113 in 1865 15 in 1876 1862-1896 
Berlin 220 in 1883 31 in 1896 1869-1896 
Buda Pesth* 194 in 1878 46 in 1895 1874-1896 
Vienna 144 in 1878 19 in 1884 1865-1889 
St Petersburg 154 in 1882 27 in 1893 1879-90 & 1892-95 
Christiania 303 in 1887 1 in 1873 1860-1899 
Stockholm 121 in 1893 6 in 1878 1861-1897 
Copenhagen* 164 in 1891 15 in 1872 1844-1895 
Boston 163 in 1881 51 in 1891 1861-1895 
Providence 314 in 1877 8 in 1868 1868-1895 
New York 208 in 1877 23 in 1873 1868-1893 
St Louis 314 in 1877 8 in 1868 1868-1895 


* Diphtheria plus Croup. 


The facts in the above table when compared with those in Table II. 
and in Figs. 1 and 2 illustrate the general conclusion stated by me 
elsewhere (1898, p. 158), that diphtheria is relatively a continental 
rather than an insular disease. It may be mentioned that statistics of 
cities are given rather than of countries, partly because they are more 
easily obtained and as a rule more accurate, and partly because they are 
less composite, as regards epidemicity, than the statistics of countries. 

It will be noted that the maximum death-rate from diphtheria has 
been without exception smaller in London than in any of the foreign 
cities compared with it. London is so great that its maximum death- 
rate from diphtheria may also be regarded as a “composite”; it may be 
added, therefore, that the maximum death-rates of the majority of 
English towns is much lower than that of the European and American 
cities enumerated in Table III, the experience of Sheffield and 
Leicester being exceptional. It should also be noted that these foreign 
cities, in proportion to their magnitude, probably share with London 
the “composite” character of their maxima. Diphtheria caused much 
smaller mortality in Ireland than in England, and in New Zealand than 
in Australia. These facts justify the conclusion that so far as can be 
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judged from the past history of diphtheria and from the more recent 
statistical experience concerning it, diphtheria has always committed 
more ravages among communities living in continents than among 
insular communities. This might be explained on the score of freer 
personal communication, but the relative experience of Australia and 
New Zealand scarcely supports this interpretation; and the fact that 
the distinction between continental and insular capitals, e.g. between 
New York, Berlin, and Paris on the one hand, and London on the other, 
continues to hold good in these days of rapid inter-communication is 
against any explanation based on relative ease of introduction of 
infection. We know that its insular position has not prevented London 
from suffering very severely from: influenza. 

Further conclusions as to the international prevalence of diphtheria 
can be drawn from Tables II. and II. Not only is it more a continental 
than an insular disease, but a study of the annual death-rates for a 
series of years (of which Fig. 3 on page 76 may be taken as an 
example) shows furthermore that much more than in English towns 
there has been, both in American and European cities, a large mass of 
diphtheria constantly endemic. Diphtheria in these latter cities,—and so 
far as available evidence extends in the countries of which they form a 
part,—partakes much more of the nature of an endemic disease than 
in England. The country having in the past the smallest amount of 
diphtheria endemically present has been Ireland, the next smallest 
being England and New Zealand, Scotland coming after these. 
Allowing for the fact that the Paris statistics do not separately state 
diphtheria and croup, it would appear that Paris and Berlin occupy 
a supreme position in Europe as regards the amount of endemic 
diphtheria. Munich and Hamburg are not far behind, while in Brussels 
it is a less heavy cause of death. Italian cities also suffer severely. 
In Scandinavian cities there has been a very heavy death-rate from 
diphtheria; but the disease has prevailed chiefly in an epidemic form. 
Returns from Boston, New York, Chicago, and Montreal render it 
probable that there has been even more endemic diphtheria in these 
cities than in Berlin or Paris. 

The history of the disease and the statistical evidence appear to 
indicate that diphtheria spreads slowly from community to community. 
Whether there are special indigenous foci of the diseasé is open to 
doubt. The hypothesis that such foci exist appears superfluous, as it 
is seldom completely absent from large communities in which the 
point can be tested. 
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Superadded to endemic diphtheria epidemics and pandemics of the 
disease occur cyclically. The following list gives some of the maximum 
epidemic years in different countries during the period for which 
statistics can be obtained. The list is merely illustrative and cannot 
fully display the facts of prevalence, for which curves of annual death- 
rate would be required. 


Taste LV. Maximum Epidemic Years in 


A. AMERICA. 


> i=) > i=) 

=) > ie,2) for) 

ice) oe) io2) ee) 

rn a i 7 
Boston | 1863-64 1875-76 188:0-81 1889-90; 1894 
Providence 1877-78 1886 90: 
New York 1876-78 18:80-82 1886—88 : 1893-4 
Chicago 1860-65 1869-70; 1876 1879-80'-81 1886-87 1890: 

B. Europe. 
London 1858, 1861-63 1875-76 1892-96 
Paris 1865-66 :1872-73-75-77 1879-80:-81-82 
Berlin 1869-70: 1875-76 i 1882-84 : 1893 
Christiania | 1861-62 1885-90 


i C. AUSTRALASIA 


Melbourne 1858-61 1867-68 : 1873-74 1889-90: 
Sydney / 1863-64 1875 1889 


The intervals between the cycles of epidemic prevalence vary 
greatly. A study of the continental figures shows shorter intervals 
than those for islands, and as already explained the difference between 
epidemic and inter-epidemic death-rates is less marked in continental 
than in insular climates. In London when diphtheria became epidemic 
in 1857, it was thought to be a new disease. It did not again become 
epidemic until 1875 and then feebly; and it was not until 1893 that 
the third (the second great) epidemic of which statistical records are 
extant reached its maximum. The possible causes of these longer 
cycles will now be discussed. 

Determining Causes of Epidemics and Pandemics.—The presence 
or absence of the Klebs-Loeffler bacillus cannot be regarded as exhaust- 
ing the explanation of the occurrence or non-occurrence of an epidemic 
of diphtheria. We have seen that in most if not in all large com- 
munities a certain amount of diphtheria is permanently endemic. In 
smaller communities most physicians must have had experience of the 
introduction of diphtheria without its spread, although opportunities for 
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such spread existed which, so far as could be judged, were as great as 
those which in other instances were followed by the spread of infection. 
It seems clear that under certain circumstances influences inhibiting 
infection or possibly diminishing the “ carrying power ” of the contagium 
itself are operative. It is conceivable that at the end of an ill- 
controlled epidemic the failure of infection to continue to spread 
is associated with the intra-corporeal development of antibodies 
caused by a slight unrecognised attack (“missed cases”), or derived 
from Klebs-Loeffler bacilli which have invaded the mucous membrane 
without causing any illness (“carrier cases”). This may explain the 
dying out of an epidemic before all the children not naturally insus- 
ceptible and not temporarily protected by a prior attack have had 
diphtheria. Are we to suppose that this immunity endures for a 
number of years, and that when it is exhausted in a population the 
next epidemic cycle occurs? Or does the next cycle occur when 
a sufficient number of younger children not born at the time of the 
previous cycle have accumulated to form the necessary links in the 
chain of infection? The first supposition is negatived by the imperfect 
and evanescent protection given by one attack of diphtheria, as evidenced 
by the occurrence of relapses and second attacks. Nor does the second 
supposition appear very probable, except in those communities in which 
an epidemic has been allowed to run rampant, even were it assumed 
that the protection by one attack were more lasting than experience 
indicates. 

In view of the preceding considerations it is improbable that the 
relative freedom of a population from diphtheria for a long period can 
be ascribed to a general insusceptibility of that population. And yet 
in the majority of large communities a certain amount of diphtheria 
is always present, or is frequently introduced without active spread. It 
appears to follow that something more than importation of infection, 
and something beyond the dying out of general insusceptibility, are 
required to explain why in certain years diphtheria becomes epidemic, 
and still more to explain why in certain years it becomes pandemic. 
It is highly improbable that in pandemic periods a widespread altera- 
tion in the personal susceptibility of the populations of continents will 
almost simultaneously have occurred. A more probable explanation of 
epidemicity lies in some change or changes in the external conditions 
of life. If such external changes are found always to coincide with 
great epidemics of diphtheria, the means by which they produce such 
epidemics will require discussion at a later point. 
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Deficient Rainfall and Diphtheria.—One such external condition 
has been shown by me to be uniformly present,—in all instances in 
which the point can be statistically tested,—whenever great epidemics 
of diphtheria occur. The relationship is the more striking, because it 
was unsuspected ; the general teaching having been that diphtheria is 
most prevalent in damp houses and on damp and low-lying soils, the 
condition of which would obviously be bettered during a succession 
of dry years. This external condition is summed up in the general 
conclusion that “diphtheria only becomes epidemic in years in which the 
rainfall is deficient, though in some years the excess of diphtheria in 
dry years is but small. There are no instances of a succession of wet 
years in which diphtheria was epidemic.” Only two great epidemics 
have occurred during the period for which corresponding statistics of 
rainfall and diphtheria exist. The induction therefore has a very limited 
basis so far as any one locality is concerned. As, however, it is found 
that during the same period the coincidence between a succession of dry 
years and epidemic diphtheria occurs in every civilised part of the 
world for which statistics exist, and that in these different parts 
epidemics of diphtheria never begin in wet periods, the induction is 
one to which a much higher degree of probability attaches. 

The instance of London may be taken. Its experience is set forth 
year by year in Fig. 2, and in Table V. this experience is summarised 
and compared with the annual rainfall for the corresponding years or 
groups of years. If the table and the figure are studied together 
no difficulty of interpretation will arise. It will be noticed that in the 
figure each year’s relative death-rates are given separately, and that in 
the table years of maximum death-rate are also given separately. It 
must also be remembered that the earlier London epidemic of 1859 
onwards is almost certainly understated, owing to confusion with scarlet 
fever, which had up to that year been entered in the tables along with 
diphtheria. 


TaBLE V. Rainfall and Diphtheria in London. 
(Mean Annual Rainfall and mean Death-rate from Diphtheria for the whole period = 100.) 


1854-8 1859 1860 1861-64 1865-70 1871-80 1881-88 1889 1890-92 1893 1894-1900 1901-0 
Annual Rainfall 85 108 134 88 109 111 98 98 97 84 93 101 
Annual Diphtheria see 120 74 104 £57 52 100 166 161 8323 195 93 
No diphtheria returns for London are available prior to 1859, but we 
know that for several years before 1859 “croup” was excessively fatal, 


Mean Death Rate 1859 1904. 


Mean Death Rate [859-194 


273 per million. 


405 per million 
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and so probably was diphtheria. ~The drought in 1858 and 1859 was so 
great, and the river Thames ran so low, that the stench from it was 
regarded as foreboding much fever. It will be noted that in the wet 
year 1860 a lull in the epidemic occurred. The great epidemic of recent 
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Fig. 2. Annual Death-rate per million persons living in London from Diphtheria and 
from Diphtheria and Croup, stated in proportion to the mean Death-rate for the 
whole period?. 


1 From Sir Shirley Murphy’s Annual Report on Public Health, County of London, for 
1904. 


N. D. 5 
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years was associated throughout with deficient rainfall. Other instances 
of the same relationship are given by me elsewhere (1898, pp. 142—161). 

If the association between deficient rainfall and epidemic diphtheria 
involves some element of causation, it ought to be visible not only 
when the rainfall and diphtheria of a given community are compared 
in time; but also when place is compared with place. When the 
comparison is practicable, it is found that in a given country the 
amount of diphtheria is greatest in the parts having the smallest 
rainfall, and the amount of diphtheria in different countries bears an 
inverse relationship to their rainfall, though the relationship is not one 
of simple proportion. The first point is well seen in Australia. The 
total mass of and the epidemic death-rate from diphtheria are much 
less in Sydney with an average annual rainfall (for 1840-95) of 
49°7 inches, than in Melbourne with an average annual rainfall (for 
1857-95) of 26°5 inches; while Adelaide with an average annual rainfall 
(for 1839-94) of 21:4 inches has a larger amount of diphtheria than 
either Melbourne or Sydney. The same phenomenon is seen when 
Bristol with a heavy rainfall is compared with Croydon, or when 
Dublin or Belfast is compared with any large English town (Table IL). 
New Zealand gives an interesting example of the same phenomenon. 
Canterbury, N.Z., has much more diphtheria than any other district 
of New Zealand. It is less hilly and broken up than the rest of the 
country, and it has an average annual rainfall of 25 inches as compared 
with 37 to 41 inches in the districts in which diphtheria is little 
prevalent. 

Two other considerations support the induction that diphtheria is 
a disease which prevails inversely with the rainfall. First, diphtheria 
is a rare disease in tropical climates and is not known to assume 
epidemic proportions in them. ‘Tropical countries are characterised 
not only by excessive heat, but also by excessive humidity of air and 
copious rainfall. 

Secondly, as already shown, diphtheria is relatively more a continental 
than an insular disease. It is immensely more rife in the great cities of 
the European and American continents than in British and Irish towns, 
and in Australia than in New Zealand. A continental differs from an 
insular climate in its greater variations in temperature and in rainfall ; 
and the rainfall may be taken as an index of these variations. The 
general law is that “the intensity of the oscillations of rainfall increases 
with the continentality of the region” (Waldo, 1893, p. 409). Not 
only is there greater oscillation but a greater difference in the actual 
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amount of rainfall, that of Berlin and Paris for instance being much 
smaller than that of London. 

The relationship between deficient rainfall and excessive diphtheria 
needs to be further tested by a search for (1) periods of exceptional 
deficiency of rainfall without the occurrence of epidemics of diphtheria ; 
and of (2) wet periods in which such epidemics began. Neither of 
these points can well be tested in continental cities because the amount 
of endemic diphtheria is so great as to obscure the magnitude of 
epidemics. In England in 1873-74 there was deficient rainfall in 
London with only slight excess of diphtheria; as pointed out by me 
elsewhere (1898, p. 152): “diphtheria only becomes epidemic in years 
in which the rainfall is deficient, and the epidemics are on the largest 
scale when three or more years of deficient rainfall immediately follow 
each other.” In 1873-74 the deficiency of rain was much less pro- 
tracted than that which characterised the two great epidemics in the 
sixth and ninth and tenth decades of the 19th century. When 
I previously wrote on the relationship between deficient rainfall and 
diphtheria, Sheffield and Leicester appeared to be examples of towns 
in which the relationship did not appear. The details given below 
show, however, that they are examples in which what may be described 
as the local “reaction” was merely somewhat slow in appearing. In 
this respect they closely resemble Christiania, the details of which are 
given elsewhere (1898, pp. 123 and 148). The extent of the com- 
parison is limited in the instances given below by the duration of the 
record of rainfall. 


TABLE VI. 


SHEFFIELD. 
1880-86 1887-93 1894-98 1899 1900 1901-04 
Annual Death-rate from Diphtheria per 100,000 20 30 23 188 182 28 


Deviation of the Rainfall of each year from 
mean Annual Rainfall for 1880-1904 stated 112 87 98 98 109 102 
as 100 (=30-1 inches) 


LEICESTER, 


1885-86 1887-93 1894-98 1899 1900 1901-03 
Annual Death-rate from Diphtheria per 100,000 6 8 24 108 144 34 


Deviation of the Rainfall of each year from 
mean Annual Rainfall for 1885-1903 stated 135 92 90 ie ae 92 
as 100 (=22-9 inches) 


In both of these towns as in Christiania the epidemic began near the 
end of a series of dry years and persisted into the next wet year. 


5—2 
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The instances above quoted indicate that the local incidence of 
diphtheria in relation to rainfall is not a simple one, the local reaction 
to the influence of protracted years of deficient rainfall varying both in 
rapidity and in amount. I have been unable to discover any example 
of a widespread epidemic of diphtheria affecting a number of com- 
munities in a wet year or during a period of wet years; and the 
experience of a large number of communities justifies the general 
conclusion that “diphtheria is nearly always at a very low ebb 
during years of excessive rainfall, and is only epidemic during such 
years when the disease in the immediately preceding dry years has 
obtained a firm hold of the community, and continues to spread 
presumably by personal infection.” 

It is clear that in stating that great epidemics of diphtheria are 
associated with dry periods of years we do not exhaust the causation 
of this disease. We only state one of the conditions,—probably a chief 
one,—which is necessary to secure the successful invasion of large 
populations by the specific infection of diphtheria. The use of the 
word “necessary” in the last sentence is limited by the extent of the 
experience, hitherto without exceptions, on which the conclusion is 
based. It may be that when the subject is further investigated in the 
light of more extended statistics, some index other than annual rainfall 
will more accurately represent the undoubted relationship between dry 
periods and epidemic diphtheria. For the present the use of this ratio 
appears to bring us a step nearer to a rational explanation of le milieu 
épidémique or, as the old physicians described it, the “epidemic consti- 
tution” which appears to be a necessary antecedent of a great epidemic. 

Briickner’s Weather Cycles.—An interesting light is thrown on the 
preceding discussion by the elaborate observations made by Professor 
Briickner of Berne on the world’s rainfall. His data deal chiefly with 
the years 1830-85 and are summarised in the following table : 


TasLe VII. 
Periods of . Rainfall 
Deficiency Excess ” Deficiency Excess Deficiency 
Europe 1831-40 1841-55 1856-70 1871-85 — 
Asia 1831-40 1841-55 1856-70 1871-85 — 
Australia —45 1846-55 1856-65 1866-75 a 
North America 1831-40 1841-55 1856-65 (71-75) 1866-70 (76-85) 1876-85 


Central and 
South America 1831-45 1846-60 1861-75 1876-85 _— 
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Dr Waldo (1893, p. 411) after giving the above table adds a forecast 
which has been fulfilled: “it would appear probable that we are now 
entering upon another period of very low rainfall during 1890-95.” It is 
impossible exactly to compare such average results with the diphtheria 
death-rates for particular towns in different countries, which have not 
been constructed by a similar system of averaging. But with this 
proviso the above table when compared with the years of maximum and 
minimum death-rates from diphtheria in tables II., IIL, and IV. is 
most suggestive. The exceptional period of deficiency of rainfall in 
North America in 1876-85 fits in with the exceptional American 
maxima of.diphtheria during the same period. 

The Influence of Soil on Diphtheria.—There has been fairly dogmatic 
teaching on this subject. Thus Dr Copeman (1892) says: “Many 
districts which, although usually dry, are liable to occasional floods, are 
remarkably free from the disease, so that it appears that a persistent 
impregnation of the soil with moisture is of more importance than 
fluctuations in the height of the ground water, particularly if these 
have any considerable range.” These remarks appear to imply an 
antithesis between dry soils and diphtheria, as well as a causative 
relationship between persistently moist soils and diphtheria, on both of 
which issues I must give an exactly opposite opinion. 

The late Sir Richard Thorne Thorne (1891, p. 17) while agreeing that 
“the broad geological features of a district have no known influence on 
the development or the diffusion of diphtheria,” states that he can hardly 
agree with Hirsch that “the assumption that conditions of soil have 
some influence in the development of diphtheria, or on its epidemic 
diffusion, is one that has no warrant.” The essence of Dr Thorne 
Thorne’s teaching is contained in the following paragraph: “Soil, and 
especially surface soil, when considered in connection with relative 
altitude, slope, aspect, and prevailing rainfall, has, I believe, concern in 
the maintenance and diffusion of diphtheria, and has very possibly some 
relation with its beginnings. Speaking generally, I think that the 
experience of careful investigations extending over a number of years is 
to the effect that where a surface soil is, by reason of its physical 
constitution and topographical relations, such as to facilitate the 
retention of moisture and of organic refuse; and where a site of this 
character is, in addition, exposed to the influence of cold wet winds, 
there you have the conditions which do tend to the fostering and 
fatality of diphtheria, and which also go to determine the specific 
quality of local sore throat.” And yet we have seen that so far as 
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the two great English epidemics of diphtheria are concerned,—and 
the evidence from them is confirmed by international experience,— 
diphtheria prevails chiefly when a series of dry years are concerned. 
In such dry periods the influence of damp soil as described in the 
preceding quotations would be at a minimum. The conclusion that 
damp soils favour diphtheria may be based on the impression derived 
from “experience.” It is possible that an accurate investigation 
would show a greater prevalence of diphtheria on low-lying and damp 
than on high and relatively dry soils. But it would not follow that any 
causative relationship between the two existed unless either the 
observation were confirmed on a very large scale, or failing this, 
correction were made for differences of age distribution of populations, 
and allowance were made for the fact that people living on low-lying 
soils are usually poorer and therefore more exposed to infection than 
those who are able to live in more favoured localities. 

Before stating the only conclusion which can be formulated as to the 
relation between soil and diphtheria, it is convenient to mention here 
the supposed relationship of damp houses to diphtheria. 

Damp Houses and Diphtheria.—In 1878 Dr Thursfield published 
papers illustrating the way in which diphtheria hung about certain 
damp houses, and this observation has been confirmed by others. 
Before, however, any causative relationship could be based on such 
localised experience it would be necessary to know the proportion of 
such damp houses, both among those invaded and among those not 
invaded by diphtheria. If the majority of houses in a given district 
are damp, the association of dampness of house with recurrent 
diphtheria can have little significance. Since the above observations 
were published, our knowledge of protracted diphtheria has become 
more accurately determined. I have, for instance, had cases of 
diphtheria in which Klebs-Loeffler bacilli, proved by inoculation to 
be virulent, have persisted in the mucous secretions of patients other- 
wise apparently well for 102, 110, and 170 days respectively, and more 
protracted cases have been described. It seems more likely that in the 
cases described by Dr Thursfield and others we have to deal with 
human carriers of infection, in whom a slight catarrh causes a 
recrudescence of dormant infection, rather than with the saprophytic 
persistence of Klebs-Loeffler bacilli in the house. Even so the house 
may have an influence in securing recrudescence. Dampness favours 
- sore throat and catarrh and may thus open the way for re-invasion 
by personally stored diphtheria bacilli. A careful distinction must be 
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drawn between the influence of a protracted dry period and that of 
damp houses or of the rainfall say of a single week. The latter con- 
ceivably may favour diphtheria as well as the former, the one acting 
on the individual, the other in some unknown way. At present we are 
only in a position to say that in view of the inverse relationship 
between rainfall and diphtheria the only condition of soil that can 
favour diphtheria is one of exceptional dryness and warmth. The 
analogy of other diseases may help in arriving at a conclusion as to 
such a connection. 

Analogy with Scarlet Fever, Rheumatic Fever, etc.—It has been 
shown independently by Drs Gresswell and Longstaff that the yearly 
mortality from scarlet fever is inversely to the amount of rainfall. 
Dr Gresswell (1890, p. 192) has further suggested that “not only the rain- 
fall of the year, but also that for prior years, has influence on scarlatina.” 
Dr Longstaff (1891) showed that the chief increases in the death-rates 
from scarlet fever, erysipelas, puerperal fever, and rheumatism in Eng- 
land and Wales occurred in years of deficient rainfall. In the Milroy 
Lectures for 1895, I showed by elaborate mortality and sickness 
statistics derived from the general mortality experience of different 
European countries, from the general notification experience of Scandi- 
navian countries, and from the experience of large general hospitals 
in England and other countries, that rheumatic fever is an epidemic 
disease, of which widespread epidemics occurred in years in which there 
was always an exceptional scarcity of rainfall. It was also noted that 
“the effect of rainfall is not produced immediately. It takes time to 
develope: and it is warrantable to assume that the influence of deficient 
rainfall is exerted as the result of its effect on the subsoil, this effect 
usually showing itself by a marked lowering of the ground-water.” 
The lowness of the ground-water, of which examples were given, was 
regarded merely as an index of certain conditions of dryness and 
temperature of the subsoil which greatly favour the growth of the 
contagium of rheumatic fever. 

Arguing from the analogy of rheumatic fever,—while bearing in 
mind that in rheumatic fever and scarlet fever the response between 
dry years and epidemics was more prompt than in diphtheria,—I 
formulated the followmg working hypothesis of the causation of 
diphtheria. The specific micro-organism of this disease has a double 
cycle of existence, as have apparently the specific micro-organisms of 
enteric fever, erysipelas, scarlet fever, rheumatic fever, etc. One phase 
is passed in the soil, another in the human organism. One is sapro- 
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phytic, the other parasitic, though it is not contended that there is any 
regular alternation between these phases. It is not strange, therefore, 
that the epidemic prevalence of all the above diseases is favoured by 
deficient rainfall, if this is sufficiently long continued. This deficient 
rainfall implies a low subsoil water, and a subsoil above the level of 
this water, which is relatively dry and warm, probably the optimum 
conditions for the saprophytic life of the above pathogenic micro- 
organisms. The causes of the transition of the diphtheria bacillus from 
the saprophytic to the parasitic phase of life may be surmised both as 
regards (a) season and (b) years of special epidemic prevalence. 
Diphtheria is most prevalent in autumn and in the early winter 
months, when the optimum temperature and the optimum degree of 
humidity of the soil are rapidly disappearing or have departed. It is 
also most prevalent after the wet weather occurring in or immediately 
following exceptionally dry years. Both these conditions tend to raise 
the ground-water and to drive out any pathogenic micro-organisms 
from the soil. 

The preceding working hypothesis may appear to give undue 
importance to climatic conditions as contrasted with personal infection. 
There is no reasonable doubt that personal infection is the chief means 
by which diphtheria is spread. Personal infection does not, however, 
explain why in some years diphtheria, although present in a district in 
an endemic form, does not spread; while in another year, in which 
only the same opportunities of personal infection occur, it becomes 
extensively epidemic. Still less does it explain the occurrence of 
widely scattered epidemics and even pandemics in certain years. To 
explain these the operation of wider general causes must be pre- 
supposed. It might be that the susceptibility of entire populations 
to the infection of diphtheria increases at times, though this is 
improbable; or it might be that the diphtheria bacillus under certain 
conditions becomes more actively virulent and infective—more remote 
from its saprophytic phase of life; and thus, persons who can 
resist the ingress of the feebler, fall victims to the more powerful 
micro-organism. The latter is probably the correct hypothesis; and 
the evidence already given clearly points to the conclusion that of 
the external cultural conditions leading to increased virulence of the 
diphtheria bacillus and greater readiness for assuming a parasitic life, 
exceptional deficiency of rainfall and consequent exceptional deficiency 
of moisture in and exceptional warmth of the subsoil form an essential 
part, 
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The working hypothesis given above is unproved. It may not be 
supported by further investigation. It is possible that dry periods 
favour epidemic diphtheria otherwise than I suggested in the preceding 
remarks written in 1897. They may act by increasing the invasion 
of the mucous membranes of a large portion of the population by 
auxiliary organisms which favour the pathogenic action of the Klebs- 
Loeffler bacillus; or some other explanation may be forthcoming. 
But the fact out of which these theories grow remains. Diphtheria 
prevails epidemically on a large scale only during dry periods of years ; 
and the same relationship between these two phenomena exists as was 
previously shown by Dr Longstaff to hold good for erysipelas, scarlet 
fever, etc. Minor differences however are shown, the occurrence of a 
pandemic of diphtheria appearing to necessitate a more protracted 
continuance of deficient rainfall than is required to favour the epidemic 
prevalence of the other diseases named above. 

Urban and Rural Diphtheria —Longstaff (1889) in an important 
paper examined the diphtheria statistics of England and Wales in the 
26 years from 1855 to the end of 1880, classifying populations, 
according to their density of population, into Sparse, Medium, and 
Dense. The death-rates from diphtheria in each of these three groups 
of population are shown in the following table: 


TasBLeE VIII. Death-rates from Diphtheria per million living im 
different parts of England and Wales. 


1855-60 1861-70 1871-80 
Dense Districts 123 163 114 
Medium ,, 182 164 125 
Sparse ,, 248 223 132 


In the first period there was most diphtheria in the sparse districts ; 
in the second period the same result is seen but less markedly; and in 
the third period, which was almost entirely a non-epidemic period, there 
was relatively small ditference between the three groups. Since 1880 
the incidence of diphtheria on towns has become more marked, and 
diphtheria which, as the late Sir Geo. Buchanan said, “has always 
displayed a marked tendency to prevail in sparsely-populated districts 
rather than in centres of population” is undergoing a change of 
distribution by which “the chief urban districts seem to be approaching 
nearer than before to rural districts in their rate of suffering from this 
disease.” 
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The difficulty as already pointed out in all such local comparisons 
consists in the unequal distribution of epidemics. The same difficulty 
arises if counties of England are compared. Thus taking the death- 
rates for 1898-1902 published in the Registrar-General’s Annual 
Report for 1903, the death-rate per million population from diphtheria 
in 1898-1902 includes the following instances of high death-rates in 
“dense” counties, viz. 353 in the West Riding, 524 in Leicestershire, 
390 in Staffordshire and 290 in Lancashire, and the following instances 
of low death-rates in sparse counties, 116 in Oxfordshire, 129 in 
Cornwall, 150 in Dorset. The highest death-rate in a sparse county 
was 298 in Buckinghamshire, the lowest in a dense county 149 in 
Nottinghamshire. In Norway the inverse relationship between density 
of population and death-rate from diphtheria is not shown when a long 
period is taken. In Christiania in the period 1860-93 the average 
death-rate from diphtheria was 800, in Norway as a whole in 1860-91 
it was 400 per million living. The subject must be left thus undecided. 
At the present time diphtheria is undoubtedly a heavier cause of 
mortality in urban than in rural districts. If the position was the 
reverse in 1855-60 some light might thus be thrown on the possible 
source of diphtheria. In forming an opinion we have to remember that 
between 1855 and 1860 there was much confusion between croup and 
diphtheria. This is clearly shown in Shirley Murphy’s diagram of the 
experience of London (Fig. 2). Longstaff’s figures only deal with 
diphtheria. The statistics for London in 1855-60 would be a heavy 
factor in determining the low relative position of the dense districts as 
regards diphtheria mortality; but there is no evidence that in other 
districts there was less confusion of diphtheria with croup than in 
London. 

Geographical Distribution of Diphtheria——The preceding account 
of the epidemiology of diphtheria has been concerned throughout, 
though indirectly, with its geographical distribution, and we have seen 
how difficult it is, when concerned with a disease of intermittent pre- 
valence, to give a quantitative statement of its prevalence. Statistics 
of localised districts would be apt to mislead, and any conclusions based 
on them as to the influence of soil or other local conditions would need 
to be carefully checked as to the relative epidemic experience of the 
districts under comparison, and carefully corrected for age-distribution 
of population. Certain broad results as to geographical distribution 
seem, however, to be well established by the preceding data and may be 
here summarised. Diphtheria is almost absent from tropical regions. 
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It is much more largely a continental than an insular disease. In single 
countries it 1s most prevalent, and the death-rate caused by it is greatest 
in those parts of these countries in which there is least rainfall; and in 
all parts it is most prevalent in dry periods. It is least prevalent in 
Ireland, and less in the West of England and in Wales, with the possible 
exception of some parts of Wales, than in the rest of England. It is 
similarly less prevalent in New Zealand than in Australia, and less 
prevalent in New South Wales than in Victoria. 

Relation of the Adnumstration of Antitoxic Serum to Emdemicity.— 
As antitoxin is given with varying promptitude and to a varying extent 
in different communities, it 1s obvious that an additional element of 
confusion has arisen in comparing statistics of deaths from epidemic 
diphtheria, in relation to all the problems hitherto considered and in 
relation to the subject of the next paragraph. The adoption of the 
antitoxin treatment of diphtheria may be said to date from Roux’s 
address to the International Congress of Hygiene and Demography, 
Budapest, 1894, the rapidity and extent of its adoption since that date 
having varied greatly in different communities. The curves of death- 
rate from diphtheria in Paris (Fig. 3) and in London (Fig. 2) may be 
considered in relation to the treatment by antitoxin. Doubtless very 
many lives have been saved by its means. This is clearly shown by 
the statistics of cases treated in hospitals and particularly of cases of 
laryngeal diphtheria requiring operation. The entire clinical view 
of the disease has been altered by the happy results obtained by means 
of the early administration of antitoxin. These clinical facts have a 
bearing on the epidemicity of diphtheria in so far as the death-rate 
from it has been lowered by the therapeutic use of antitoxin. A 
marked influence in lowering the death-rate from diphtheria must 
be credited to antitoxin both in Paris and London, probably more in 
the former. That the decline in the death-rate from diphtheria since 
1894 is not solely and possibly not chiefly due to this cause is evident 
when the course of the curves in Figs. 2 and 3 is studied. Thus in 
London a marked decline was already visible in 1894, which has since 
continued at an increasing ratio after 1897. In Paris a considerable 
decline began in 1891, and the general slope from 1880 onwards leaves 
no doubt that before antitoxin was introduced a decline of the 
death-rate from diphtheria was already in progress. On the other 
hand the amount and rapidity of the decline, reaching a minimum in 
the years 1895-1900 which was much lower than the minimum in 1870, 
are probably due in large measure to the popularity in Paris of treat- 
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ment of diphtheria by antitoxin. Mixed causes have evidently been in 
operation. Antitoxin decreases the severity of diphtheria and lowers 


Fig. 3. Annual Death-rate per 100,000 persons living in Paris from 
Diphtheria plus Croup, 1865-1902. 


its fatality; but beyond this cyclical causes have been operating to 
produce a great reduction of the death-rate from diphtheria both in 
London and in Paris. 

Relation between Prevalence and Fatality of Diphtheria.—It cannot 
be said that exact data for the study of this problem exist. The 
difficult questions as to whether the age-distribution of attacks is the 
same during and between epidemics, and as to whether the notification 
of cases is equally complete throughout need prior determination. 
Bacteriological diagnosis has doubtless led in recent years to the 
notification of many cases formerly overlooked. Subject to these 
sources of possible error, Figs. 4 and 5 are interesting illustrations 
of this problem. In Norway a national system of registration of 
sickness has existed for many years. During 1860-91 in that 
country the mean annual sickness-rate from diphtheria was 2°15 
per 1000 of the population, and the mean annual death-rate ‘40 per 
1000. In Copenhagen a similar system is in force, and during 1855-95 
the mean annual sickness-rate from diphtheria was 5°88 per 1000, 
the death-rate ‘78 per 1000. 

The curves in both figures 4 and 5 show a remarkably close relation- 
ship between prevalence and mortality, and therefore a fairly uniform 
fatality (which is the proportion between prevalence and mortality). 
Certain minor changes are visible. In Norway during the greater part 
of the inter-epidemic period there is some evidence of greater fatality. 
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But this may have been owing to the fact that at such times the 
disease was less generally recognised and notified than when its 
epidemic prevalence would constantly obtrude it on the doctor’s at- 
tention. In Copenhagen the records, if trustworthy, show an increased 
Per- 
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Fig. 4. Norway.—Annual deviation of the sickness-rate (o-o-o-o) and death-rate 
(e—e—e—e) caused by Diphtheria from the mean rate for the entire period 1860-91. 


fatality in the epidemics culminating in 1865 and in 1879; but during 
the epidemic culminating in 1890 the cases increased in a higher pro- 
portion than the deaths. 

A careful study of Fig. 6, copied by permission from Sir Shirley 
Murphy’s Annual Report to the London County Council for 1904, 
enables the same problem to be studied with the addition to the 
problem of variations in fatality associated with the different months 
of the year. The seasonal variation of fatality of scarlet fever and 
diphtheria in London during the eight years 1891-98 is further set out 


+ Percentage 
deviation from 
mean rate 


o 


ik 
8 


at 
s 


78 Epidemiology of Diphtheria 


A. -— = --— = =~ -----~--------------1870 


Fig. 5. Copenhagen.-—Annual deviation of the sickness-rate (o-o-o-o) and death-rate 
(e—e—e—e) caused by Diphtheria from the mean rate for the entire period 1855-94, 


in the following table and remarks derived from Sir 8. Murphy’s report 
for 1898. 


Taste LX. Diphtheria and Scarlet Fever.—Relative Case-Mortality (Fatality) 
in each month of the year, based on the experience of 1891-98. 


(The average fatality for the entire period =100.) 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Diphtheria 111 108 108 105 99 93 92 98 93 95 100 109 
Scarlet Fever 130 120 130 117 107 += 102 90 102 76 74 96 116 


The fatality rates were obtained by applying to the number of cases 
notified in each month the deaths of a month beginning and ending a 
week later, in order that so far as practicable the deaths might relate to 
the same patients as the cases. It will be noted that the fatality both 
of scarlet fever and diphtheria is greatest at the beginning of the year, 
falling till September or October, and then rising again. The minimum 
fatality of diphtheria appears to occur two or three months earlier than 
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that of scarlet fever. In his report for 1895 Sir S. Murphy corrected 
similar rates for differences in age and sex distribution and found that 
these did not suffice to account for the variation in fatality shown in the 
tables, 

Natural Variations in Fatality of Diphtheriaa—We have already 
stated that the fatality of attacks of diphtheria has been lowered by 
the administration of antitoxin. It has also been noted that the 
increased use of bacteriological diagnosis leads to more complete 
notification of cases and a consequent lowering of the fatality of attack 
which is only apparent. It is difficult to decide whether apart from 
the operation of these two factors diphtheria has during recent years 
become a disease having a lower fatality. In Table X p. 79 the 
fatality of diphtheria at different ages is compared in 1888-94, a prae- 
antitoxin period, with that of 1904 among patients admitted to the 
hospitals of the Metropolitan Asylums Board. The corresponding facts 
for scarlet fever have been added for comparison. 

All the percentage changes shown in Table X are declines except 
the one marked plus. Comparing the declines in fatality shown by 
scarlet fever and diphtheria respectively it is evident that they closely 
resemble each other, and that if the above were the only facts bearing 
on the problem one would naturally conclude that the changes in fatality 
of diphtheria, like those in scarlet fever, have been due to some extent 
at least to causes independent of therapeutics. Commenting on a like 
comparison in his report for 1898 (p. 31), Sir S. Murphy goes on 
to show that whereas the fatality among cases of scarlet fever treated 
in hospitals was greater than among home-treated cases it was much 
lower in hospital-treated cases of diphtheria of younger ages than 
among home-treated cases. The fatality statistics may on the whole be 
said to leave the problem unsettled. A few years’ further experience 
will probably support the conclusion to which clinical experience 
strongly points that the administration of antitoxic serum greatly 
diminishes the fatality of diphtheria. 

Seasonal Incidence of Diphtheria—Diphtheria belongs, like scarlet 
fever and enteric fever, to the group of diseases whose maximum pre- 
valence is in the autumn of each year. This is clearly shown by the 
following curve (Fig. 7) taken from the Annual Summary of the Registrar- 
General for 1890. The greatest mortality is seen to occur in London 
in October and December, the smallest mortality from May to August. 
The autumnal peak is not so marked as in the corresponding mortality 
curve for scarlet fever (Fig. 8), nor is the fall to a minimum in the 
spring so great in the case of diphtheria as in that of scarlet fever. 
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The above method of statement of seasonal incidence of mortality from 
diphtheria represents the combined experience of 30 years. It is like 
a composite photograph which conceals individual characteristics while 


8 z & R = & 
Eisiosic 2 S SSCsPeERSyygg 
peggezansed 28 PECIgIss 


Dee. 


RUD RVUESNE I ASPRRSe 
TT TS ECE 
SRSaH ae: BESoS 
Pet ee | 
SERE~e088 a 


Nov, 


Oct. 


| 
@ 
| 
| 
o 
IV} 
B 
a 


SHUSGRSRE IS IEReeeo 
SESaSo alah be fale) 


DeeEEoRS 

fafa ale sats palcnolepeloboalel tec) 
RUE SEORSE IE aes 
gis fad ohm id Pfs p ahead nf eah ah 
H a iy ane 


‘= SBN aae 
EROSERRAI IER eee 
BUCURESTI IAS SoeaA 
GEOR Shs PORE ewe 
REGS ERe IPL eee 
BeORORCR TACO 
ZESEODRRO ES Beeeaee 

nee £=GERESeR 008 


CI 
Sao she 
heeee ae 
The mean line represents an average weekly raunber of 73 deaths. ° 


Fig. 7. 


of London in the 30 years 1861-90. 
of London in the 30 years 1861-90. 


RRBDORERE ERD 
DEERE SMERO hE < 


Seasonal Incidence of Deaths from Diphtheria based on the experience 


Seasonal Incidence of Deaths from Scarlet Fever based on the experience 


[| 
& 
The mean line represents an average weekly number of 44 deaths. 


Fig. 8. 


50 
40 
30 
20 
10 
70 
20 
30 
40 
$0 


+ 50 percent: 
— 60 per cent 


showing the type. During an epidemic the seasonal curve is obscured 
by the epidemic prevalence throughout the year. This is well seen in 
Fig. 6 in the experience of London during 1896. With a declining 
epidemic (as in 1903, Fig. 6) the death-rate may be higher earlier 
in the year than in the autumn. As a rule, however, the seasonal 
incidence of diphtheria conforms to the autumnal type. 
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CHAPTER III. 


THE PATHOLOGY OF DIPHTHERIA. 


By F. B. MALLORY. 
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E. ExprermentaL DieHTHeERiA. 


INTRODUCTION. 


The following account of the pathology of diphtheria is based on the 
study of 251 cases of the disease, which have come to autopsy in the 
Contagious Department of the Boston City Hospital, between Jan. 1, 
1896, and June 30, 1905. Of these cases the first 220 were reported in 
1901 in a monograph by Councilman, Mallory, and Pearce’. In the 
preparation of the following account extensive use is made of this 
monograph. 


1 A Study of the Bacteriology and Pathology of Two Hundred and Twenty Fatal Cases 
of Diphtheria. Monograph, 16 plates, 1901; also Journ. Boston Soc. Med. Sci, 1901, v. 
137—319. 
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LITERATURE. 


Since the following description of the lesions of diphtheria is based 
directly on the study of a very large number of cases covering every 
variety of lesion, it has not been deemed necessary to furnish a list of 
authorities under each heading or to give the views of each in regard 
to the process under discussion. For such summaries and for criticism 
of the views advanced the reader is referred to the monograph just 
mentioned. For the benefit, however, of those who may wish to consult 
these authorities in order to study the historical development of the 
present views in regard to the lesions of diphtheria, a chronological list 
of writers is given on p. 121. 


TECHNIQUE. 


In all cases the tissues were fixed in Zenker’s fluid, but occasionally 
for certain definite purposes formaldehyde, alcohol, and other fixatives 
were also employed. After fixation in Zenker’s fluid, paraffin sections 
of the tissues were stained with eosin and methylene blue by the follow- 
ing method, which has proved the most satisfactory routine stain for 
paraffin sections yet devised. 


A. Eosin and Methylene Blue Stain for Paraffin Sections. 


1. Fix in Zenker’s fluid for 24 hours; wash in running water for 24 
hours, and preserve in 80 per cent. alcohol. 

2. Stain paraffin sections in a 5 per cent. aqueous solution of eosin 
(yellowish, soluble in water, Griibler) for thirty minutes. Sometimes 
it is advisable while staining to heat them in the paraffin bath for 
fifteen to twenty minutes. 

3. Wash in water. 

4, Stain for ten to twenty minutes in the following solution diluted 
with water in the proportion of one volume of the stock solution to four 
or five volumes of water : 


Methylene blue (Griibler) ... a ie 1 grm. 
Carbonate of potassium oe oe LS 
Water oP ee das a se) LOOKS) 


5. Wash in water. 
6. Differentiate in 95 per cent. alcohol until the eosin colour 
returns in the section and the nuclei are sharp. Keep the section 
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constantly in motion, in order to maintain an even differentiation, and 
control the results with the low power of the microscope. 
7. Treat with absolute alcohol, followed by xylol and xylol balsam. 
Two other stains were also much employed and often proved useful, 
the anilin blue connective tissue stain for the study of connective tissue 
fibrils and the formation of the hyaline membrane, and the phospho- 
tungstic acid haematoxylin stain for the demonstration particularly of 


fibrin, 


B. Anilin Blue Connective Tissue Stain. 


1. Fix in Zenker’s solution and embed in paraffin or celloidin. 

2. Transfer sections from water to a one-tenth per cent. aqueous 
solution of acid fuchsin for five minutes. 

3. ‘Transfer sections directly (without washing) to the following 
stain for two to ten minutes: 


Anilin blue soluble in water (Griibler) ... Re 0°5 grm, 
Orange (Griibler) ve ey! 2 ee 
One per cent. aqueous aint of macnn 

molybdic acid a on a ve 100°0 c.c. 


4. Differentiate and dehydrate quickly (rarely over one to two 
minutes) in two or three changes of 95 per cent. alcohol followed 
by absolute alcohol for paraffin sections. 

5. Clear in xylol (filter paper blotting method for celloidin sections) 
and mount in xylol balsam. 

Fibrin and neuroglia, myoglia, and fibroglia fibrils are red, inter- 
cellular connective tissue fibrils blue, elastic fibrils yellow or pale pink. 


C. Phosphotungstic Acid Haematoxylin Stain. 


1, Fix in Zenker’s solution and embed in paraffin or celloidin. 

2. Transfer sections from water to a one-fourth per cent. aqueous 
solution of permanganate of potassium for two to five minutes (rarely 
ten to twenty minutes; especially for neuroglia fibrils). 

3. Wash in water. 

4, Place in a 5 per cent. aqueous solution of oxalic acid for five 
to ten minutes (rarely one to two hours). 

5. Wash thoroughly in several changes of water. 

6. Stain in phosphotungstic acid haematoxylin for twenty-four to 
forty-eight hours. 
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7. Wash quickly in water. 

8. Dehydrate in 95 per cent. alcohol followed by absolute alcohol 
for paraffin sections. 

9, Clear in xylol (filter paper blotting method for celloidin sections) 
and mount in xylol balsam. 

Fibrin and fibroglia, myoglia, and neuroglia fibrils are blue ; inter- 
cellular connective tissue fibrils pale reddish brown or colourless; the 
coarse elastic fibrils pale blue. If, after step 6, the sections are placed 
in a strong alcoholic solution (ten to twenty per cent.) of chloride of iron 
for one to several minutes, followed by thorough washing in water, the 
intercellular connective tissue fibrils are completely decolorised and the 
blue-stained fibrils take a somewhat deeper tint’. 


VARIETIES OF LESIONS. 


Two varieties of lesions occur in uncomplicated diphtheria, (1) the 
local, and (2) the general or systemic. The local lesions are due to the 
strong toxic substances which are secreted by the diphtheria bacilli and 
act on the tissues in the immediate vicinity of the bacilli. These 
lesions are usually characterised by the formation of a membrane. The 
systemic or general lesions are due to diphtheria toxin which is absorbed 
and passes along the lymph and blood-vessels to act in a dilute form on 
the tissues. These two kinds of lesions are usually complicated in cases 


1 Phosphotungstic Acid Haematoxylin.—When this formula was first published the 
phosphotungstic acid manufactured by Merck was not pure. It contained a trace of 
phosphomolybdic acid, and also some oxidising agent which ripened haematoxylin at once. 
The acid obtained since then sometimes oxidises haematoxylin and sometimes does not. 
It is a simple matter, however, to ripen the solution at once. 


Haematoxylin ae 5 ae aes aa aes 0-1 gram. 
Water... ti ate ae ie aN ane 80 c.c. 
10 per cent. aqueous solution of phosphotungstic acid (Merck) ... 20 c.c. 


Dissolve the haematoxylin in a little water by the aid of heat, and add it when cool to 
the rest of the solution. If the solution does not stain, it may be ripened by the addition 
of either of the following oxidising reagents: peroxide of hydrogen (U.S.P.), -2 cubic 
centimetre or one-fourth per cent. aqueous solution of permanganate of potassium, ten 
cubic centimetres. 

The best results are obtained by using haematein ammonium instead of haematoxylin, 
and allowing the solution to ripen spontaneously for several months. Solutions a year or 
more old stain with great intensity. 

If haematein ammonium is used instead of haematoxylin and it is desired to ripen the 
solution at once, use half the quantity of either of the oxidising reagents mentioned above. 
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which come to autopsy by a third variety of lesion due to secondary 
infections with various other micro-organisms. This kind of lesion 
will be spoken of as secondary. On account of these secondary infections 
it is impossible in the following account to determine exactly what 
part of the lesions present in certain organs, such as the tonsils, the 
lungs, and the cervical lymph nodes, is due to the diphtheria bacillus, 
and what part may be due to absorption of the toxins secreted by the 
Streptococcus pyogenes and other micro-organisms, 


A. Loca LESIONS, 


Distribution of the Local Lesions. 


The local lesions begin most frequently in the pharynx (tonsils); the 
larynx; the nares; or the lungs; rarely in the conjunctivae. From 
these primary foci the pathological process often extends; from the 
tonsils to the uvula, the pillars of the fauces, and the posterior wall of 
the pharynx; from the larynx to the trachea and lungs; or from the 
nares to the accessory sinuses of the nose. More rarely it extends from 
the primary foci to the oesophagus, tongue, or skin round the nose and 
mouth ; or to the middle and external ear through the Eustachian tube 
and a perforated membrana tympani. Still more rarely diphtheria 
bacilli which have been swallowed cause lesions in the stomach, or are 
conveyed to the genitals (vulva, vagina, penis) by the fingers and give 
rise to membrane formation there. 

The distribution, extent, and intensity of the local lesions vary 
greatly in different cases, Statistics in regard to them should be based 
as far as possible on clinical observations rather than on post-mortem 
findings which represent conditions in fatal cases only, and are therefore 
likely to give rise to a false impression. On the other hand it is only 
by means of post-mortem examinations that the full extent of the 
distribution of local lesions can be determined in certain cases (stomach, 
accessory sinuses of nose, etc.). 


Distribution of the Membrane. 


In this series of 251 cases a definite membrane, which varied in 
extent and distribution, occurred in 148. It was found on the larynx in 
86, on the tonsils in 74, in the trachea in 73, on the epiglottis in 67, 
in the bronchi in 44, on the mucous membrane of nares in 43, on the 
soft palate, including the uvula, in 15, in the oesophagus in 12, on the 
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tongue in 9, in the stomach in 5, in the duodenum in 1, on the vagina 
in 2,on the vulva in 1, on the skin of the ear in 1, and on the conjunctiva 
in 1. In a number of the cases the membrane was small in amount 
and limited to a single situation. It was confined to the tonsils alone 
in 9 cases, to the larynx in 5, to the trachea in 3, to the pharynx in 2, 
to the epiglottis in 2, to the soft palate in 1, to the oesophagus in I, 
and to the mucous membrane of the nares in 1. In all other cases 
several structures were involved. 


“PEATE 1: 


Fig. 1. Direct division of nuclei of epithelial cells. x 1000. 

Fig. 2. Fibrinous membrane in the trachea showing flattening of the spaces in the 
reticulum. Between the denser portion of the fibrinous reticulum and the basement 
membrane the spaces in the reticulum are larger and contain numerous cellular 


elements, chiefly endothelial cells. In the upper layer of the fibrinous membrane are 
many polynuclear leucocytes. x 500. 


I am indebted for the microphotographs reproduced in Plates I, II, III, IV and V (which 
were taken with a Zeiss apparatus of the latest design lately purchased by the Boston City 
Hospital) to Dr 8. Burt Wolbach, Assistant in Pathology at the Harvard Medical School, 
and to Dr Samuel T. Orton, Second Assistant in Pathology at the Boston City Hospital. 


The Gross Characteristics of the Membrane. 


The membranes vary greatly in appearance. The membrane may 
appear white, dirty white, brownish, grayish brown, or almost black in 
colour. It may form a thin pellicle which is easily removed, leaving 
a smooth surface, or a thick, tough layer which is stripped off with 
difficulty from the ragged, injected tissue beneath. It may be soft and 
granular, breaking into small fragments, or tough and elastic, and 
removable in large patches. The membrane is always more easily 
removable from the trachea than from any other part. On opening the 
trachea the membrane often appears as a loose wrinkled mass lying in 
the lumen, but at other times it is closely applied to the wall. Even 
when thick and adherent its removal rarely leaves a loss of substance 
extending into the subepithelial tissue. 

The tissue beneath and adjoining the membrane is always intensely 
injected and often haemorrhagic; the injection is usually general but 
occasionally may be more evident in foci, The injection is always well 


seen on microscopic examination, but macroscopically may be obscured 
by superficial necrosis. 
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Nature of the Local Lesions. 


The local lesions show in all situations essentially the same 
pathological processes, namely, degenerative changes in the epithelial 
cells and in the underlying tissues, combined with an abundant fibrinous 
exudation from the blood-vessels. As a result of these degenerative 
and exudative processes, separately or combined, a membrane is formed 
on the epithelial surface affected. This membrane formation .is so 
striking and characteristic a feature that the disease has been named 
from it. 

The primary lesion can be best. understood by studying it biologically, 
that is to say by starting with the earliest recognisable changes in the 
epithelium and tracing the process through to the development of 
the severest lesions. In doing this it is advisable to consider the 
epithelium separately from the submucosa, and further to take up in 
each case the degenerative changes and then the inflammatory exudation. 


Retrograde Changes in the Epithelium. 


Under this heading it is necessary to include the stratified squamous 
epithelium covering the pharynx, tonsils, uvula, epiglottis, and larynx ; 
the stratified ciliated cylindrical epithelium lining the ventricles and 
lower end of the larynx, the trachea, and the bronchi in which it 
gradually thins out to a single layer; and the cylindrical and cubical 
epithelium lining the ducts and acini of the numerous mucous glands 
opening into the respiratory tract. 

In general it may be said that the degenerative changes in these 
various epithelial cells vary greatly in extent and character. They are 
most easily found and studied in those places which are covered with 
squamous epithelium because the cells do not readily desquamate, and 
in the mucous glands where the cells necessarily remain in situ. 

The most noticeable degenerative changes are multiplication of the 
nuclei by direct division, vacuolation of the cytoplasm, and necrosis of 
the cells with disintegration of the cytoplasm and fragmentation of the 
nuclei, or with hyaline transformation. The extent and distribution of 
these various forms of degeneration can be best appreciated by 
considering separately the different situations in which they occur, 
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(a) Stratified squamous epithelium covering the tonsils, uvula, 
pharynx, eprglottrs, larynx, and tongue. 


It is usually easy to study the degenerative processes in all their 
stages in these situations since all degrees of the diphtheritic lesion are 
often present in a single case; this is due to the fact that the lesion 
usually begins in separate foci and spreads ; between the affected areas 
the tissues may be almost, or quite, normal. 

(1) Direct division. Large cells, each with a large lobulated nucleus 
or with two to ten large nuclei produced by direct division, are not 
numerous as a rule but sometimes occur in great numbers (PI. I, fig. 1, 
p. 88). They are found chiefly in the upper layers of the epithelial cells. 

(2) Vacuolation. In the same situation are often found large 
vacuolated cells which may contain varying numbers of bodies of various 
sizes, which are often reticulated, and are evidently derived from the 
breaking down of the cytoplasm. They may also contain threads of 
fibrin. 

(3) Necrosis. Necrosis may affect single epithelial cells or groups 
of cells. In some cases the nuclei undergo fragmentation, but in other 
cases the first evidence of necrosis is a solidification and hyaline 
transformation of the cytoplasm. The nucleus often remains for some 
time normal in its appearance and staining reactions; later as a rule it 
disappears, leaving a space in the cell. The necrosis in some cases 
extends through the whole layer of stratified epithelium to the under- 
lying submucosa. Occasionally necrosis and vacuolation may occur 
together in the same cells. A rare phenomenon is the formation of one 
to several irregular, hyaline, acid-staining bodies within the nucleus. 
Sections stained in Scharlach R show marked fatty changes in the 
epithelial cells in situations in which degenerative changes are taking 
place. 


(6) Stratified cylindrical epithelium lining the ventricles and lower 
end of the laryna, the trachea, and the broncha. 


In these situations the lesion spreads very uniformly, but is usually 
most marked in the larynx and upper part of the trachea. The 
epithelium desquamates very quickly and often only the lowest layer of 
it is left intact, so that it is not easy to study the degenerative changes. 
Here the epithelial cells show fatty changes and may contain hyaline 
droplets of various sizes in the cytoplasm, and sometimes nuclear 
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masses due to direct division. Polynuclear leucocytes are often present 
in considerable numbers between the epithelial cells. There seems to 
be little or no tendency for the epithelial cells of the stratified cylindrical 
type to undergo necrosis with hyaline change. 


(c) Cubical epithelium of the ducts and acini of mucous glands. 


Lobulation and direct division of the nuclei occur to some extent, and 
swelling and vacuolation of the cytoplasm are sometimes found, but the 
most common and prominent change is necrosis, This, however, almost 
invariably begins first in endothelial cells which have invaded the acini 
from without and have pushed the lining epithelium away from the 
basement membrane. It is difficult to find these cells so as to make sure 
of their character before they have become necrotic; so quickly do they 
succumb. The first change noticed in them is the deep staining of the 
cytoplasm with eosin; then the nucleus stains deeply and uniformly 
with the nuclear dye, and later it undergoes fragmentation. 

Following this necrosis of endothelial cells the epithelium undergoes 
degenerative changes. The cytoplasm becomes filled with innumerable 
small acid-staining globules of various sizes, but usually small. The 
cells become separated from each other. The process is often so ex- 
tensive that the acini are entirely replaced by cell fragments. 


Haudation. 


As a result of these degenerative changes in the epithelium and 
accompanying them more or less closely, an inflammatory exudation, 
which is usually abundant, takes place. This exudation complicates the 
appearance presented by the degenerating epithelium. The serum may 
collect in the cytoplasm of degenerating epithelial cells causing vacuo- 
lation, or it may separate the epithelial cells more or less from each 
other, or it may accumulate between the epithelial cells just below the 
cornified layer of the stratified squamous epithelium and lead to the 
formation of microscopic vesicles. In such cases appearances similar to 
the small-pox vesicles may be seen. In this fluid fibrin often forms, 
namely, within the vacuoles in the cells, within the minute vesicles just 
mentioned, and between the more or less separated epithelial cells. 
Much of the fluid part of the exudate unquestionably escapes from the 
surface. 

The cellular portion of the exudate consists chiefly of polynuclear 
leucocytes and endothelial cells (large mononuclear leucocytes). To 
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a less extent lymphoid and plasma cells and rarely eosinophile 
cells are present. These leucocytes pass between the epithelial 
cells and often invade those which are necrotic. Many of them 
undergo necrosis and fragmentation under the influence of the 
diphtheria toxins. The endothelial cells are phagocytic and often con- 
tain numerous inclusions in their cytoplasm. As a rule the endothelial 
cells are found in the deeper layers of squamous epithelium, the 
polynuclear leucocytes in the superficial layers and on the surface. The 
exudation always separates the epithelial cells to some extent from each 
other. Red blood corpuscles are often carried into the epidermis by the 
exudation and occasionally they are taken up by the cytoplasm of 
epithelial cells, in which they undergo degenerative changes. The 
greatest number of red corpuscles included within epithelial cells was 
found in the uvula in the vicinity of the membrane on it. 

In the trachea and bronchi the epithelial cells desquamate so easily 
and quickly that except at the very beginning of the process the 
exudation has little or no opportunity to collect in the epithelium. 

The exudation in diphtheria is rich in fibrin factors, and fibrin 
is usually formed quickly and abundantly. The fibrin threads are laid 
down not only on the surface of the epithelium, but also between the 
separated epithelial cells. It is this deposition of fibrin on the surface 
of the epithelium and between the epithelial cells which produces the 
membrane so characteristic of diphtheria. It is formed as a result of a 
primary injury to the epithelium. 


PLATE ITI. 


Fig. 1. Hyaline membrane in the stage of transformation from hyaline degenerated 
epithelial cells. x 1000. 

Fig. 2. Central necrosis of the liver. Between the necrotic liver cells and the walls of 
the compressed sinusoids is a haemorrhagic exudation containing polynuclear 
leucocytes and endothelial cells some of which are invading the necrotic liver cells. 
x 1000, 


The Histological Structure of the Membrane. 


The membrane in the beginning, therefore, always consists of fibrin. 
It forms a reticulum, the so-called jibrinous reticulum, or membrane (PI. I, 
fig. 1, Pl. IL), which is very characteristic. The spaces in the reticulum 
vary considerably in size, but are usually larger than in the hyaline 
membrane described below. They are generally flattened so that their 
long axes are parallel with the surface on which the membrane rests. 


PLATE Ill 
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Frequently the reticulum appears arranged in whorls starting from a 
centre. The thickness of the individual fibrin threads varies: in 
freshly-formed fibrin they are usually rather delicate and straight, but 
as the membrane ages the fibrin-threads become thicker and their out- 
lines curved. Numerous polynuclear leucocytes, red blood corpuscles, 
and endothelial and epithelial cells, the latter being often hyaline, are 
usually included in the meshes of the reticulum. 

Where the fibrin forms around hyaline degenerated epithelial cells 
the two elements are at first perfectly distinct in outline and in staining 
reactions. For instance, with the anilin blue connective tissue stain, 
the fibrin is intensely red, while the hyaline cells appear bluish 
green. Gradually, however, the cells and the fibrin become more 
or less perfectly fused together as the result of being bathed in fibrin- 
forming materials, so that in a short while the two elements are 
indistinguishable. The reticulum formed in this manner usually 
stains more or less perfectly like fibrin. It has a very characteristic 
appearance and is known as the hyaline reticulum or membrane (PI. III, 
fig. 1). The beams of which it is composed are thick and dense, and 
have been compared to young osteoid tissue. The spaces within it 
are usually small; they may be angular or round, but are sometimes 
flattened by pressure or stretching. Some represent spaces left by 
the disappearance of nuclei, others vacuoles formed in the cytoplasm, 
and others spaces between the cells not filled in by fibrin. This 
is shown by the frequent presence in these membranes of epithelial 
cells in all stages of transformation to a hyaline reticulum. On the other 
hand no evidence can be found to support the view that the epithelium 
im situ can be transformed directly into a hyaline reticulum without 
fibrin playing any part in the process. 

It is possible that endothelial cells and even polynuclear leucocytes 
may undergo hyaline change and fuse with fibrin to form a hyaline 
reticulum. It is even more possible that a fibrin reticulum may in time 
by simple thickening due to the deposition of fresh fibrin on its surface 
be transformed into a hyaline reticulum. It is difficult, however, to trace 
all the stages of such a transformation so as to be sure of it. The fact 
that the hyaline membranes which are formed on surfaces occur chiefly, 
if not exclusively, on those covered with stratified squamous epithelium 
is a strong argument in favour of the view that epithelial cells which 
normally undergo a hyaline process (cornification) are necessary for their 
formation. In the subcutaneous connective tissue, as will be shown 
later, necrotic connective tissue may play a similar réle. 


94 Pathology of Diphtheria 


The hyaline membrane is never found to the exclusion of the 
fibrinous reticulum but always in varying combination with it. Its 
upper surface is rarely well defined as the reticulum becomes swollen 
and more or less disintegrated. 

Fibrin forming on surfaces covered with stratified squamous 
epithelium is closely bound down by fibrin strands running in every 
direction between the epithelial cells still attached to the surface. 
The resulting membrane, whether hyaline or not, cannot, therefore, be 
readily stripped off. It remains im situ and is bathed in fresh fibrin 
factors which thicken the reticulum already formed. 

On surfaces covered with stratified cylindrical epithelium, such as 
the trachea, the epithelial cells are fewer in number and desquamate 
quickly. Beneath them is a thick hyaline basement membrane to 
which the fibrin does not easily become attached. As a result the 
older part of the fibrinous membrane is gradually pushed off and new 
fibrin is deposited beneath it. Beneath the membrane the epithelium 
is usually absent. In places small masses of epithelium consisting of 
the lower layers of cells are found, and sometimes the membrane 
may extend over a considerable area of epithelium which is but little 
altered, although the upper layers of cells are always absent. Both 
kinds of membrane, but especially the fibrinous, often show areas which 
differ in character from the main mass of the membrane. Areas, 
for example, are found where the reticulum is broken and forced apart, 
and the spaces thus formed are filled by a fresh fibrinous network, of 
which the fibres are delicate and the spaces large and irregular, and 
filled with large numbers of leucocytes. The membrane proper may 
even be elevated from the surface by such a formation. It is obvious 
that after the membrane was formed a fresh exudation took place, 
forcing apart its meshes or elevating it bodily. Sometimes the mem- 
brane contains large pockets filled with polymorphonuclear leucocytes 
-and fresh fibrin. 


The Changes in the Submucosa. 


The blood-vessels are engorged and the lymph vessels dilated, 
and the endothelial cells lining them prominent. There is general 
oedema of the tissues with much ditfuse formation of fibrin in the fluid. 
Much of the finer fibrin found in sections is probably formed after 
death. It occurs in small islands, and as an extensive meshwork 
extending throughout the oedematous areas. 
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The cellular exudation in the submucosa varies, though as a rule 
polynuclear leucocytes are abundant. On the other hand endothelial 
cells are common and polynuclear eosinophiles are often found. Plasma 
cells are usually present and may occur in great abundance, especially 
round the mucous glands. Diapedesis of red blood corpuscles 1s frequent 
and there may be slight or extensive haemorrhages. 

Often the deeper lymphatics are dilated and contain numerous 
polynuclear leucocytes and endothelial cells in addition to varying 
amounts of serum and fibrin. 

Sometimes the membrane formation extends into the submucosa. 
This condition happens when the epithelial cells are all necrotic and the 
destructive process extends to the underlying connective tissue. Then 
the connective tissue fibrils are bathed in fibrin factors and become 
coated with a layer of fibrin. At first the characteristic staining 
reactions of each are preserved, but soon they become more or less 
perfectly fused together and form a hyaline reticulum, which structurally 
may be indistinguishable from that formed on an epithelial surface. 
This so-called hyaline fibrinoid degeneration of the connective tissue is 
more marked in the epiglottis than elsewhere, but the same process may 
take place, though rarely, in the trachea after destruction of the dense 
hyaline basement membrane on which the epithelium rests. 

The smooth muscle fibres of the blood-vessels frequently undergo 
a somewhat similar hyaline fibrinoid change (Pl. IL), although no 
distinct hyaline reticulum is formed. These fibres seem very susceptible 
to the action of the diphtheria toxins and readily undergo necrosis. 
Fibrin is deposited around and fuses with them to form dense masses 
which stain deeply with the fibrin stain. The process of necrosis 
and hyaline change may extend to the tissues around the vessels and 
also to the contents of the vessels. This latter change is especially 
frequent in the small vessels near the surface, many of which may 
become occluded by hyaline masses within them. 

In the pharynx degenerative changes are frequent in the striated 
muscle fibres. The striations disappear and the fibres become con- 
verted into swollen, homogeneous, refractive masses which may be 
invaded by polynuclear leucocytes. 


The Characters of the Membrane in different Locations. 


(a) Tonsils—Membranes on the tonsils show great variations in 
structure. A fibrinous membrane is often continuous over the entire 
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surface of the tonsil and extends into every crypt. On the other hand 
a hyaline membrane is never found extending from the surface into the 
crypts, although occasionally small masses of hyaline reticulum are found 
in them. 

A hyaline membrane may cover the entire surface of the tonsil, or 
only fragments of it may be found enclosed in fibrin, or it may form the 
upper part only of the entire membrane, being separated from the 
tissue beneath by fibrin. 

(6) Pharynx and Soft Palate—The membrane in these situations is 
in generai similar to that over the tonsils; the fibrinous form predomi- 
nates (Pl. II). Small quantities of mucus are occasionally present in 
the membrane. 

(c) Epiglottis and Larynx—Membranes on the epiglottis are 
usually extensive, covering both sides as dense grayish or black layers. 
Hyaline membrane is not so frequent as on the tonsils. The membrane 
in the larynx does not differ from that covering the epiglottis. 

(d) Trachea—The changes which occur in the trachea in connection 
with membrane formation are in many respects different from those 
which occur in other tissues. In general the membrane is distinctly 
fibrinous (Pl. I, fig. 2). Only in one instance in an early and very 
acute case in a child one year old was the membrane hyaline, and this 
condition was only present in places. It differed from the hyaline 
membranes found on the tonsils in the very small size of the spaces 
in the reticulum. In fibrinous membranes the reticulum is much closer 
than in similar membranes found elsewhere, the meshes being almost 
always flattened and the long diameter of the spaces parallel to the 
surface. In some cases the reticulum, especially in its upper portion, is 
filled with more or less degenerated cells, chiefly polynuclear leucocytes. 

Between the older, denser part of the fibrinous reticulum and the 
membrana propria a layer composed of fresh fibrin showing a coarse 
meshwork is usually found. This layer is probably due to exudation 
which is constantly taking place and which forces the formed membrana 
away from the surface to which it is still connected in places by strands 
of dense fibrin which run down perpendicularly to the membrana 
propria. In this layer of fresh fibrin are numbers of phagocytic 
endothelial cells and many eosinophile cells. Along the membrana 
propria cells are often arranged in a row which by their general 
character and their cuticular surface can be recognised as epithelial. 

The membrane usually extends over the mouths of the mucous 
glands without passing into them. In some cases, on the other hand, it 
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extends directly into the ducts of the mucous glands, the epithelial 
lining of which is necrotic. The membrana propria in most places 
is intact and forms a sharp line of separation from the membrane above 
and the tissue beneath. Occasionally a leucocyte may be found passing 
through it along an irregular line. 

Here and there along the surface just below the membrana propria 
there are small areas representing hyaline fibrinoid metamorphosis of the 
connective tissue. Rarely the membrana propria is destroyed and the 
fibrinous membrane is directly connected with the hyaline fibrinoid 
connective tissue. 

(e) Tongue—In nine cases of this series there was formation of 
membrane on the tongue due to extension from the tonsils. In most 
cases the epithelium had entirely disappeared and the membrane was 
composed of fibrin without any hyaline material. The membrane was 
usually thicker on the apices of the papillae than elsewhere. In one 
case every papilla in the section was covered with a cap of fibrin 
and between there was no membrane. 

(f) Oesophagus.——Membrane was present in the oesophagus in 
twelve cases and its formation could be clearly studied. Macroscopically 
there were longitudinal erosions covered by thin membrane and adjoin- 
ing them longitudinal areas where the surface was thickened and covered 
with a grayish necrotic looking deposit. In the more normal tissue 
between these lesions the epithelial cells were swollen and vacuolated, 
and some were converted into refractive hyaline masses. 

The edges of the erosions were sharply cut, and the epithelium 
adjoining them was undermined and showed a marked degree of nuclear 
multiplication by direct division. In places where fibrin was macro- 
scopically evident, microscopically a fibrinous reticulum was found with 
here and there small areas of thicker hyaline membrane. 

(g) Stomach.—Membrane formation in the stomach is rare. It 
occurred in varying amounts in five of the present series of cases. 
In one case almost the entire surface of the mucous membrane beginning 
at the cardiac orifice was covered with a ragged grayish-brown membrane 
which was thicker over the rugae and easily removed, leaving a red 
granular surface beneath. In the other cases the formation of membrane 
was not so extensive and was limited to lines on the surface of the rugae. 
The mucous membrane elsewhere was very hyperaemic and there were 
small scattered haemorrhagic points. Microscopic examination showed 
the membrane to be fibrinous, and in no instance was any of the dense 
hyaline membrane so characteristic of the pharynx found, The mem- 
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brane was always attached to a surface denuded of epithelium, and the 
fibrin rarely extended to any depth into the tissue below. In several 
cases it extended from its place of origin over the epithelial surface on 
all sides for a considerable distance. 

(h) Duodenum.—In one case the surface was covered with a 
membrane similar in its macroscopic aspects to the membrane which 
was found in the stomach of the same case. Microscopically there was 
superficial necrosis covered with a mass composed of pus cells, nuclear 
detritus, necrotic epithelium, and mucus, but contaiming no fibrin. 

(i) Nose and Accessory Sinuses—Membranes occurring in the 
nose and accessory sinuses are fibrinous and present no unusual 
features. 

(7) Conjunctiwwa.—Many cases of diphtheritic conjunctivitis have 
been reported, but in this series it only occurred once and no micro- 
scopic examination of it was possible. 

(k) Skin.—In the literature (see Index) many cases of diphtheria 
of the skin have been reported, for example, of the skin around the anus, 
of the penis, of the lips and gums, and of the female genitalia. In this 
series of cases one occurred in which a distinct membrame was formed 
on the external ear following diphtheritic otitis media with perforation 
of the membrana tympani. Microscopically the membrane was fibrinous 
in character and enclosed in its meshes polynuclear leucocytes and in 
places hyaline degenerated epithelial cells. 


Ulceration. 


Ulceration of the tissues, which are the seat of the local lesion, occurs 
in a small proportion of cases. In this series distinct ulceration was 
found in twelve cases, five times involving the tonsils, three times the 
larynx, twice the trachea, once the pharynx, and once the epiglottis. All 
of these were severe cases in which intubation was performed. In the 
tonsils the ulcers, which were foul and ragged and bordered by necrotic 
tissue, were produced by extensive necrosis extending from the membrane 
into the tissue. Those in the pharynx and epiglottis were of the same 
character as in the tonsils, though not so extensive, while those in 
the larynx and trachea were clearly due to the influence of the intubation 
tube. The tracheal ulcerations were the least marked, 


The Distribution of the Diphtheria Bacilli. 


(a) In Local Lesions.—Diphtheria bacilli can almost always be 
demonstrated microscopically in early cases when a definite membrane 
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is present. They occur in clumps of varying size chiefly on the surface 
of the membrane, but also in necrotic tissue. They are not found in 
living tissue, or on the surface of normal epithelium, or even in those 
places where there are degenerative changes in the epithelium which can 
be regarded as the primary lesion of the disease. It seems probable 
that the beginning of the lesion is due to the toxic action of bacilli 
growing in the fluids of the mouth or throat. When necrosis is once 
produced the necrotic tissue and the membrane deposited on its surface 
form a suitable culture medium. In the accessory sinuses of the nose 
and in the middle ear the diphtheria bacilli so frequently present often 
produce only a mucoid or purulent secretion. 

(b) In the Blood.—In a certain number of cases the cervical lymph 
nodes become infected with diphtheria bacilli from the local lesions in 
the throat, and the bronchial nodes from lesions in the lungs without 
the bacilli reaching the circulation. In many fatal cases, however, the 
bacilli get into the blood and can be obtained in cultures from various 
organs. The order of relative frequency is as follows, liver, kidneys, 
spleen, heart’s blood, and very rarely the brain. The highest percentage 
of septicaemia recorded is 50, but in this series general septicaemia was 
only found in about 20 per cent. 


The Lungs. 


The lesions of the lungs must be considered in connection with the 
local lesions of diphtheria because they are often due entirely or in part 
to the immediate presence of the diphtheria bacillus. At the same 
time the slight lesions of systemic origin which appear in the lungs 
and the more extensive secondary lesions due to invasion by other 
micro-organisms must be described. 

In general it may be said that the lungs in diphtheria are voluminous, 
contracting but little on opening the thorax. In most cases there 1s con- 
siderable, and occasionally extreme, injection of the vessels. Ecchymoses 
frequently occur in the pleura, measuring | to 10 mm. in diameter, and 
are most numerous over the lower and posterior surfaces of the lungs. 

1. Bronchopneumonia.—The most common lesion is_broncho- 
pneumonia. The term implies both the manner in which infection 
takes place, and the relation of the foci to the bronchi. The areas 
of solidification vary considerably in size. In many cases they are 
sharply limited to lobules, in others they are much smaller, and in 
some they involve a number of lobules. Cases of extensive confluent 
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bronchopneumonia sometimes occur, but not of true acute lobar pneu- 
monia. 

The character of the solidification varies. In some cases the foci are 
so sharply circumscribed as to resemble tuberculous areas, but generally 
they are more diffuse and fade gradually into the surrounding tissue. 
They are usually of a reddish colour, but in some cases they are grayish 
red or even gray. The larger areas of solidification are not homogeneous, 
but contain slightly elevated centres which are firmer than the surround- 
ing tissue, making it evident that these areas are formed by the confluence 
of adjoining smaller areas. 

Such areas of bronchopneumonia were found in 60°/, of the cases 
here studied. In the majority of them the posterior portion of the 
lungs was affected, and especially the lower lobes. The occurrence of the 
discrete or of the confluent form does not appear to bear any relation 
to the variety of micro-organism present, nor does the presence of 
membrane in the bronchi appear to influence the extent of the 
solidification. There is, however, a very definite relation between the. 
presence of membrane in the lower respiratory passages and the occur- 
rence of bronchopneumonia. Thus of the cases with membrane in one 
or more of the lower respiratory passages (epiglottis, larynx, trachea, or 
bronchi) bronchopneumonia was present in 72°/,, while in the remaining 
cases it was present in only 48°/,. The fact that of the 76 cases 
which were intubed 80°/, showed bronchopneumonia, is of still greater 
interest. 

The tissue in the vicinity of the foci of solidification was generally 
oedematous, but there was little general oedema of the lung com- 
parable to that so commonly found in adults. The oedema was distinctly 
related to the inflammation, and was not the general oedema due to 
disturbances of the circulation. 

Acute inflammation of the larger bronchi usually accompanied the 
bronchopneumonia, but was not constant. When present the mucous 
membrane was reddened and covered with exudation, and usually small 
drops of pus could be forced from the smaller bronchi on pressing the 
cut surface of the lung. In 43 cases there was a fibrinous exudation, 
forming in the larger bronchi a distinct membrane and completely 
filling the smaller. The membrane was similar to that found in the 
trachea. 

Microscopic examination shows that the process begins as an infection 
of the atria and extends. It may be limited to single acini, to lobules, 
or to groups of lobules. There is but little lateral extension of the 
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infection through the walls of the alveoli or of the bronchi into the 
surrounding air-spaces. 

The character of the exudation varies greatly, being fibrinous, 
haemorrhagic, serous, or almost entirely cellular. The cells in the 
exudation are partly polynuclear and large mononuclear leucocytes, 
partly lymphoid and plasma cells, and partly large cells derived by pro- 
liferation from the lining epithelium. Occasionally organization of the 
exudate is found to be taking place. 

The exudation within the bronchi is composed chiefly of polynuclear 
leucocytes. When the inflammation is severe there is intense infiltration 
of the wall, chiefly by lymphoid and plasma cells. Membrane when 
present occurs most frequently im the bronchi of larger calibre, and 
is always fibrinous in character, never hyaline. . 

2. Atelectasis and Hmphysema.—Atelectasis varying in extent and 
somewhat in character is almost always present. When most marked it 
is constantly associated with extensive bronchitis. It is usually much 
more distinctly lobular than the areas of bronchopneumonia, but large 
areas are frequently present involving a number of lobules. 

Emphysema is constantly found adjoining the areas of atelectasis 
and to a less extent in connection with the areas of bronchopneumonia. 
It is never confined to definite areas of the lung, as are the atelectasis 
and the bronchopneumonia. 

3. Interstitial Tisswe—In almost all cases the interstitial tissue of 
the lung is infiltrated with numerous lymphoid and plasma cells. They 
occur in the walls of the air-sacs, along the small veins, in the small 
fibrous septa, and also in the connective tissue of the pleura and around 
the bronchi. The process is always accompanied by bronchopneumonia 
or bronchitis. It is most frequently found when diphtheria bacilli are 
present in large numbers and are the principal infecting agents, but it 
is also found in equal intensity in cases in which the infeetion is due to 
streptococci and pneumococci, 

4. Necrosis and Abscess.—Necrosis and abscess formation are not 
rare, and occurred fourteen times in this series of cases; as early as the 
third day of the disease and as late as the fifty-third. Infection occurs 
through the bronchi, and the foci, like the bronchopneumonia, are 
terminal. In some cases there is little or no inflammatory reaction 
around the necrotic tissue, which is often filled with diphtheria bacilli. 
In other cases the tissue is partly broken down and filled with 
degenerated pus cells and red blood corpuscles. 

5. Pleurisy—Where the areas of bronchopneumonia adjoin the 
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pleura, the pleural surface is usually slightly cloudy, and in some cases 
there is an evident fibrinous exudation confined to small areas. Occasion- 
ally there is an extensive fibrinous exudation covering the entire pleural 
surfaces. 

6. Bacteria.—Nothing shows so well how little the character of 
a pathological process is influenced by the character of the micro- 
organism as the examination of the lungs in diphtheria. Diphtheria 
bacilli, streptococci, staphylococci, and pneumococci occur in connection 
with serous, purulent, fibrinous, and haemorrhagic exudations, necrosis, 
and abscess formation. The diphtheria bacilli are frequently found, and 
may be the cause of bronchitis with membrane formation, of purulent 
exudation, of bronchopneumonia, necrosis and abscess. ‘They are often 
present in the lung in much greater numbers than in any other situation, 
and there may be but little change in the tissue around them. 

Cultures were made from the lungs in 104 cases, and the diphtheria 
bacillus was obtained 69 times, the Streptococcus pyogenes 67 times, 
the Staphylococcus pyogenes aureus 37 times, and the Pnewmococcus 10 
times. In 17 of these cases the diphtheria bacillus was obtained in 
pure culture. 


B.. SYSTEMIC OR GENERAL LESIONS. 


Introduction. 


Systemic or general lesions are due to the absorption of the 
diphtheria toxin and its action in dilute form on the various cells and 
intercellular substances of the body. ‘The lesions are best studied 
in those cases in which no general invasion with secondary micro- 
organisms has taken place. It is impossible of course to exclude the 
action of other toxins absorbed from other bacteria, such as the Strep- 
tococcus pyogenes which may be present in the local lesions. Fortunately, 
however, the general lesions found can be controlled experimentally by 
the inoculation of animals with the diphtheria bacillus and by the 
injection of the diphtheria toxin, so that we may be fairly sure of the 
exact pathological changes produced in man by the diphtheria bacillus. 

The systemic lesions are of three kinds, (a) degenerative, (b) pro- 
liferative, and (c) infiltrative. The degenerative lesions affect chiefly 
the essential or so-called parenchymatous cells of the various organs and 
tissues, and do not differ in character from those found in a variety of 
other acute infectious diseases. The proliferative lesions are due partly 
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to proliferation of the interstitial connective tissue cells (heart, etc.), 
partly to multiplication of the endothelial cells (lymph nodules every- 
where), and partly to increase in number of the cells belonging to the 
lymphocyte and myelocyte series (lymph nodes, spleen, bone marrow). 
The infiltrative lesions are due for the most part to cells of the lympho- 
cyte series invading the interstitial tissue of many of the organs (kidneys, 
etc.). 


The Bone Marrow. 


The following statement of the changes which occur in the bone 
marrow in diphtheria is based on the study of forty-eight non-selected 
cases in this series. Unfortunately it has been found impossible to 
compare this material with marrow obtained from normal human beings 
of similar ages. In all cases the marrow was obtained from the middle 
of the femur. In the adults the marrow was reddish with areas of 
yellow fat, whilst in children it was usually red, and of firm consistence, 
and could be removed in solid pieces. In some of the latter, however, 
it was grayish and softer. 

Hyperplasia of the cells of the bone marrow always occurs, but it 
varies greatly in degree and in the cells which increase in number. It 
is less marked in adults than in children. The active proliferation 
of cells is shown by the many mitotic figures present. The changes 
which occur in the bone marrow may be summarised as follows: 

(a) Nucleated red blood corpuscles are present in nearly all cases 
and occasionally are found in large numbers. They often show a tendency 
to occur in clumps. 

(b) The bone marrow giant cells or myeloplaques vary considerably 
in number and occur in several forms, suggesting that active changes 
are taking place in them. 

(c) Polynuclear neutrophile leucocytes occur in very small numbers, 
and are irregularly distributed among the other cells. 

(d) Endothelial cells are rare. When present they betray their 
phagocytic tendency by the inclusion of polynuclear leucocytes and 
lymphocytes. 

(e) Hosinophile cells are generally increased in number. Both the 
mono- and polynuclear forms occur, often in about equal proportions. 
Sometimes the eosinophile cells are present in great numbers ; in one 
case, for example, forming half of all the cells present. In this case 
they were chiefly of the mononuclear variety. 

(f) Lymphoid cells are always found, sometimes in considerable 
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numbers. They are generally diffusely scattered among the other cells, 
but occasionally are grouped in compact masses. 

(g) Plasma cells of the characteristic Unna type are sometimes 
present and show a tendency to form small clumps. Some of them 
have two, three, and even four nuclei. 

(h) The common myelocyte with vesicular nucleus and slightly 
basophilic cytoplasm, which stains faintly with eosin in a small area 
near the nucleus, is usually found in abundance, but sometimes in 
diminished numbers. 

(t) Premyelocytes and Prelymphocytes—Besides the cells, which 
are sharply characterised and readily recognised, there occurs in the 
bone marrow in diphtheria, sometimes in great numbers, a series of 
undeveloped cells which unquestionably belong to two groups but which 
in their undifferentiated forms cannot be distinguished from each other. 
These two groups may be called the premyelocyte and the prelym- 
phocyte groups or series of cells. If fully developed they would form 
cells which in consequence of the differentiation of the nucleus and 
cytoplasm could be readily recognised. In consequence of the injurious 
action of the diphtheria toxin and possibly also owing to the destruction 
of many cells in the body and the demand for the production of new 
ones, this differentiation of cells of the myelocyte and lymphocyte types 
is more or less seriously interfered with. In favour of this view is the 
fact that it is possible to trace all stages between these undifferentiated 
cells and the myelocytes on the one hand and the lymphoid and plasma 
cells on the other. 

It seems probable that only the prelymphocyte series of cells gain 
access to the blood-vessels and enter the general circulation along with 
similar cells which are formed in the spleen, in the lymph nodes, and in 
the lymphoid tissue throughout the body. This view is supported by 
the fact that the cells which emigrate from the blood-vessels into the 
interstitial tissue of the kidneys and other organs often undergo com- 
plete differentiation in these organs and become easily recognised as 
lymphoid and plasma cells, while tpyical myelocytes are not found 
except in the bone marrow. 


The Blood. 


A well-marked leucocytosis usually occurs in diphtheria, the degree 
varying as a rule directly with the severity of the disease. In favourable 
cases the leucocytosis increases as the disease progresses, is greatest at 
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the height of the disease, and steadily diminishes during convalescence. 
It may be prolonged after the disappearance of the inflammatory 
phenomena. In unfavourable cases it generally continues until death, 
though in certain very severe cases there may be a continuous decline 
until death. The leucocytosis has no definite relation to any other 
symptom, and is due largely to an increase in the polynuclear leucocytes, 
and also to some extent in mononuclear leucocytes of the lymphocyte 
series. The latter cells are found in such numbers in some of the veins 
of certain organs, especially the kidneys, that they appear as a very 
definite form of lesion. 

Probably the majority of these cells come from the lymphoid tissue 
in the spleen, lymph nodes, and gastro-intestinal tract, and only a small 
proportion are formed in the bone marrow. To some extent they 
multiply in the circulating blood, as is shown by the fairly frequent 
occurrence of mitotic figures. They also proliferate after emigrating 
from the vessels and invading the tissues. 

The changes in the red blood corpuscles are unimportant. Their 
number may be diminished, especially in the severe cases, after the 
disease has persisted several days. Marked degenerative changes do 
not occur: the haemoglobin diminishes directly with the number of 


corpuscles. These changes are less marked in cases treated with anti- 
toxin. ; 


The Lymphatic Tissues. 


Under this heading are included the tonsils and the thymus as well 
as the lymph nodes distributed generally throughout the body. The 
lesions are for the most part of the systemic or general type due to 
toxins brought by the lymph and blood streams, but to some extent in 
the tonsils and less often in the cervical and bronchial lymph nodes are 
complicated by changes due to secondary invasion by various micro- 
organisms, especially the Streptococcus pyogenes. It must also be borne 
in mind that the tonsils and the cervical, submaxillary and bronchial 
lymph nodes are in the closest proximity to the primary local lesions and 
are exposed to the absorbed toxins in their strongest form. 

1. Lymph Nodes.—The nodes most affected are the cervical 
and submaxillary, and next to them, both in the frequency and 
the extent of their lesions, the bronchial, intestinal, and mesenteric. 
The distant lymph nodes, such as the inguinal and axillary nodes, 
are but slightly if at all altered. Macroscopically the affected 
nodes are enlarged, soft, and hyperaemic; in some cases there 
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is extensive haemorrhage in and around the node, and in rare cases 
necrosis and suppuration occur. The lesions are most marked in cases 
of great intensity in which death takes place early. Two kinds of 
lesions may be recognised, In the first place there may be found (a) the 
ordinary lesions which may follow an injury of almost any deserip- 
tion, consisting of congestion, haemorrhage, and diffuse and circumscribed 
necrosis. Numerous cells, not ordinarily found in the tissue, appear in 
combination with these processes. ‘These new cells are derived in part 
by emigration of leucocytes from the blood-vessels, in part by pro- 
liferation of the lymphocytic and endothelial cells of the sinuses and 
lymphoid tissue. The swelling of the nodes is due chiefly to congestion, 
haemorrhage, and dilatation of the sinuses which contain serum, fibrin, 
polynuclear leucocytes, cells of the lymphocyte series, and phagocytic 
endothelial cells in various proportions. 

There also occur (b) lesions which are distinctive of diphtheria, but 
which may be found in other infectious diseases of children, such as 
scarlet fever. These lesions consist in the formation, within the lymph 
nodules of the node, of foci which are very similar in appearance to 
miliary tubercles. In the formation of these foci there 1s a combination 
of proliferation, phagocytosis, and degeneration. Proliferation of the 
endothelial cells of the reticulum gives rise to the formation of large 
cells resembling the epithelioid cells of the tubercle. These cells in- 
corporate the lymphocytes of the lymph nodules and gradually digest 
them. Often a dozen lymphocytes are included within a single phago- 
cytic cell. As the lymphocytes degenerate they give rise to a varying 
amount of nuclear detritus, but caseation is never produced and giant 
cells are never formed in connection with the nodules. Sections stained 
with Scharlach R shows much fat within the phagocytic cells. It is 
difficult to determine whether the lymphocytes degenerate first and the 
endothelial cells proliferate to incorporate and remove them, or whether 
the endothelial cells multiply first and destroy normal cells. The first 
view would harmonise with Weigert’s theory of a primary injury 
followed by changes of a reparative nature, but is difficult to prove 
in this case. As a rule these lesions form very discrete spherical 
nodules, but occasionally the process is scattered more or less irregularly 
throughout the lymph node. In the later stages of the disease the 
phagocytic cells undergo necrosis and the whole area appears as a mass 
of granular detritus. The lesion as described is sometimes complicated 
by haemorrhage, but more often by the formation of fibrin, which may be 
limited to small areas or extend throughout the focus. 
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2. . The Tonsils—The lesions in the lymphoid tissue of the tonsils 
differ somewhat from the lesions in the ordinary lymph nodes. The 
lymph nodules are large, and there is marked development of the 
so-called germ centres in them. Foci composed of phagocytic endo- 
thelial cells are found not only in the germ centres, but also to some 
extent in the surrounding lymphoid tissue. Both diffuse necrosis 
affecting single cells, and necrosis and ulceration extending into the 
tonsils from the crypts frequently occur. Extensive haemorrhage accom- 
panied by fibrin formation and necrosis is frequently found. 

3. The Thymus.—There is no division of the lymphoid tissue into 
lymph nodules and sinuses. The principal change is a degeneration of 
the lymphoid cells, most marked in the vicinity of the Hassel bodies, and 
their inclusion for the most part within phagocytic cells. Uninuclear 
eosinophile cells seem to be increased in number. 


The Spleen. 


The lesions of the spleen play but a slight part in the pathological 
anatomy of diphtheria. Macroscopically the spleen does not differ from 
the normal, except that the lymph nodules are usually more prominent. 
Microscopically lesions in three situations demand attention. 

1. The Lymph Nodules—The lesions here are identical with 
those found in the lymph nodules of the lymph nodes, and consist in 
the formation of more or less spherical masses of epithelioid cells. 
These cells are phagocytic and contain inclusions in various numbers. 
In some cases the inclusions are very numerous, but in other cases 
they are few. The phagocytic cells may be sharply defined or more 
or less fused together. In a certain number of cases fibrin is present, 
which appears first as fine fibrils spreading along the reticulum of the 
nodule, and later becomes coarse and assumes a hyaline appearance. 
Its presence seems to follow necrosis of the phagocytic cells. 

2. The Pulp—The most obvious change in the pulp is an increase 
in cells of the lymphocyte series, which are occasionally present in large 
numbers in cases of some duration. Most of these cells are typical 
plasma cells, but others approach more or less closely the lymphoid 
cells. They occur diffusely and in masses, in the latter case being 
usually grouped around small veins. Occasionally lymphoid and 
plasma cells are collected in considerable numbers beneath the endo- 


thelium of veins. Sometimes the pulp contains numerous polynuclear 
eosinophiles. 
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3. The Arteries—Frequently the arteries in the lymph nodules are 
thickened and hyaline, and their lumina are more or less narrowed. 
Sections stained for fat always show numerous droplets in these areas. 
This form of lesion is, however, common in other acute infectious 
diseases. 


The Gastro-intestinal Tract. 


With the exception of the formation of membrane, which sometimes 
occurs in the oesophagus and stomach, the lesions of the gastro-intestinal 
tract are relatively unimportant. They consist of hyperplasia of the 
lymphoid apparatus with similar changes to those which occur in the 
spleen and lymph nodes. The slight extent of the lesions indicates that 
they are probably due to the action of toxins reaching the lymph 
nodules by way of the blood current and not to the action of toxins 
absorbed from the alimentary canal. There is also nothing in the 
character of the lesions to indicate that the toxins are eliminated by the 
alimentary canal. 


The Heart. 


The changes produced in the heart in diphtheria have received 
more attention than the lesions in any of the other viscera. Most of 
the investigations were undertaken with the view of finding patho- 
logical conditions in the heart which could explain the clinical evidences 
of impaired cardiac action. 

Two lesions of much interest occur in the heart, the so-called acute 
fatty degeneration, and acute interstitial myocarditis. Mural thrombi 
in the heart must also be considered in this connection on account 
of their intimate relation to the interstitial changes. 


PLATE IV, 


Fig. 1. Focus of acute myocarditis due to infiltration with cells of the lymphocyte series, 
x 500. 

Fig. 2. Acute myocarditis due to hyaline degeneration and necrosis of muscle fibres and 
invasion with endothelial cells and polynuclear leucocytes. x 1000. 


1. Fatty Degeneration—Fat occurs in the muscle fibres in over 
half the cases. It is best demonstrated by staining frozen sections in 
Scharlach R after fixation in formaldehyde. The fat may be present 
very diffusely throughout the heart or occur only in foci. It may 
appear in the form of fine granules only, or as large globules which 
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involve the greater part of the substance of a muscle cell. Fatty 
degeneration is in some cases the only change recognisable in the 
muscle fibres, but it also constantly accompanies the more advanced 
forms of degeneration leading to necrosis and complete destruction 
of the fibres. It is always more marked in the vicinity of the endo- 
cardium than elsewhere. There is but little relation between the 
duration of the disease and fatty degeneration, the latter being found 
both in cases of short and of long duration. In the cases of great 
severity which die early in the disease, it is generally the only lesion 
of the myocardium. 

Segmentation and fragmentation of muscle fibres are regarded as 
artefacts due to poor technique, and are not included here among the 
other lesions. In a certain number of cases there is much more 
extensive degeneration leading to a hyaline change or complete 
destruction of the muscle fibres. This occurs in cases of considerable 
duration, being uncommon in those who have succumbed before the 
fifteenth day. 

2. Interstitial Myocarditis—Two forms of acute interstitial changes 
are found. In one there are focal collections of cells of the lymphocyte 
series, often typical lymphoid and plasma cells, in the tissues (PI. IV, 
fig. 1). This form of lesion, which is analogous to acute interstitial 
nephritis, may be accompanied by degeneration of the myocardium, but 
is not dependent upon it. The second type of lesion consists of a 
hyaline degeneration and necrosis of muscle cells which are invaded by 
endothelial cells and polynuclear leucocytes (Pl. IV, fig. 2). In the 
later reparation stage proliferation of the adjoining connective tissue 
cells takes place. 

Dr Paul A. Lewis has recently shown (results not yet published) 
that if the kidneys of a rabbit are removed the animal will live for two 
to three days. By this time numerous foci of acute interstitial myo- 
carditis are produced in the heart, showing necrosis and almost complete 
destruction of the muscle fibres associated with marked proliferation of 
the connective tissue cells. Four to six mitotic figures are frequently 
seen in a single oil immersion field. 

It is probable that this form of interstitial lesion in diphtheria may 
lead to extensive formation of connective tissue, and thereby give rise 
to some of the cases of fibrous myocarditis. 

3. Mural Thrombi.—Thrombosis within the cavities of the heart is 
a fairly common condition in cases of rather long duration, and is due 
to a primary necrosis of the endocardium. The lesion is associated 
with the interstitial changes. 
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The Kidneys. 


In the kidneys a variety of lesions may be found which are 
degenerative, exudative, and proliferative in character. The different 
forms of lesions may occur separately or in various combinations. The 
more severe forms of degeneration are found in cases of diphtheria of great 
intensity which die shortly after the onset. Interstitial and glomerular 
lesions are more common in older children and in cases of longer 
duration. There is no type of renal lesion peculiar to diphtheria. 

1. Degenerative changes affect the epithelium and consist of cloudy 
swelling, of so-called fatty degeneration, and of transformation of the 
cytoplasm into hyaline droplets. In cloudy swelling the cells are 
swollen, and the size rather than the number of the granules in the 
cytoplasm is increased. Fatty degeneration is usually slight in degree. 
In the hyaline form of degeneration the granules normally present 
in the cytoplasm increase in size, coalesce, and change in staining 
reaction to form hyaline droplets of various sizes. A cell may contain 
one or many of these hyaline droplets. 

2. Acute interstitial changes are generally included under the 
descriptive term acute interstitial non-suppurative nephritis, a con- 
dition which is fairly common. ‘The lesion consists in the infiltration of 
the connective tissue, chiefly in the cortex, with cells of the lymphocyte 
series, some of which are well characterised lymphoid and plasma cells. 
Some of the lymphocyte cells contain mitotic figures. Occasionally 
polynuclear leucocytes and phagocytic cells are associated with them. 
The cellular infiltration is usually focal and is always most marked 
in three situations, at the base of the cortex adjoining the pyramids, 
just beneath the capsule, and around the glomeruli. In some cases the 
foci are confined to the pyramids. These changes in the interstitial 
tissue are always accompanied by the presence in the blood-vessels, 
especially in the upper part of the pyramids, of the same cells which 
emigrate out into the tissues. 

In marked cases of this lesion the kidneys are greatly enlarged, 
while in extreme cases they may weigh four times as much as normal 
kidneys. The capsule is distended and thin, and, when the kidney is 
cut, often separates spontaneously from the surface, which is pale and of 
an opaque grayish colour, mottled with irregular hyperaemic areas. The 
stellate veins of the surface are enlarged, and punctiform haemorrhages 
are often found in their vicinity. On section the normal markings are 
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obliterated, and the contrast between pyramids and cortex is less 
distinct. The increased size of the kidney is due chiefly to the swelling 
of the cortex. In the less marked cases there are opaque areas, often 
in lines corr®sponding to the course of the tubules, due to the inter- 
stitial infiltration. 

The presence of these cells in the interstitial tissue does not seem to 
be in any degree dependent upon the degeneration of the epithelium, 
since the most advanced epithelial degeneration was found in cases 
in which no infiltrating cells were present. On the other hand marked 
interstitial changes may be found without degeneration of the epithelium. 
The degeneration which is found in foci of intense infiltration seems to 
depend on this infiltration, and to be due to malnutrition produced by 
the blocking of the blood-vessels. 

In all the cases showing interstitial changes the duration of the 
illness was more prolonged than in those showing simple degeneration. 
The average duration of this series of cases was 214 days. 

3. Acute glomerulonephritis is much less common than the inter- 
stitial form and the lesion is chiefly of the intracapillary type due 
to proliferation of the endothelial cells lining the capillaries of the 
glomerular tuft. 

Slight haemorrhages in the kidney occur occasionally, but haemor- 
rhagic nephritis with escape of blood into the tubules is very rare. 


The Liver. 


The lesions produced in the liver in diphtheria are not characteristic 
and do not differ from those found in other acute infectious diseases. 
They are due to the effect of soluble toxic substances and not to 
the presence of diphtheria bacilli. The most common lesions are 
general degeneration of the liver cells, and necroses which are found 
chiefly in the centres of the lobules. The liver is generally slightly 
swollen, somewhat tense, and congested. Frequently the congestion is 
irregular, and pale, slightly yellowish foci from one to several centimetres 
in diameter may be seen in the dark red tissue. In some cases the liver 
is pale and cloudy, a condition which is due chiefly to the extent of the 
fatty degeneration. 

1. Degeneration of Liver Cells—On microscopic examination the 
most constant lesion is swelling of the cells with increased granulation. 
This process affects all parts of the lobule, but especially the centre. 
The liver cells are swollen, and coarse granules appear in the cytoplasm 
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among the uniformly fine granules normally present. A definite hyaline 
degeneration of the cytoplasm resulting in the formation of hyaline 
globules rarely occurs. Fatty degeneration is frequently present, but 
presents no characteristic features, and bears no relation*to the other 
degenerative conditions of the cells. 

2. Necroses of the Liver—Two types of necrosis of liver cells take 
place in diphtheria, the central and the focal. 

(a) Central Necroses.—In this form, which is the one most frequently 
met with, the necrosis of liver cells is confined to the lobule around the 
hepatic vein, extending a variable distance towards the periphery. In 
specimens stained with eosin and methylene blue the necrotic foci can 
be very easily distinguished even with a low power on account of the 
intense staining of the necrotic cells with eosin. The totally necrotic 
cells are homogeneous, hyaline, and refractive. They are small and 
have lost their typical shape and their connection with one another, 
and appear as irregular masses lying loosely in contact. A nucleus can- 
not be seen in these cells nor any nuclear detritus. When the necrosis 
is not so far advanced the cells are larger, and contain an increased 
number of granules, and the nucleus often forms a swollen homogeneous 
mass which in some cells stains intensely. In most cases the central 
necrosis affects all the cells in the centre of a lobule, but in others 
it appears only in groups of cells adjoining the central vein, while 
the other cells remain unaltered. The rows of necrotic liver cells are 
usually widely separated. This separation is not due to dilatation of 
the sinusoids which are usually more or less compressed and often 
actually occluded, but to the presence of an exudation around the liver 
cells, between them and the walls of the sinusoids. The exudation 
consists of serum, polynuclear leucocytes, and endothelial cells in 
variable proportions (Pl. ITI, fig. 2, p. 92). The necrotic liver cells are 
often invaded by these cells. The cause of the central necrosis is not 
easy to explain. Probably it is due to the action of strong toxins in 
the circulation, and its localisation in the centre of the lobule may 
be explained by the less perfect nourishment of the liver cells in this 
situation. 


PLATE V. 


Fig. 1. Peripheral nerve (popliteal) showing fat droplets in the myelin sheath. x 1000. 
Fig. 2. Striated muscle (psoas magnus) showing fat droplets in three of the four fibres 
visible. x 1000. 


PCALESY 
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(b) Focal Necroses—Foci of disseminated necrosis are not so 
common as central necroses, and the two processes are rarely found 
associated together. The focal necroses vary in size from areas contain- 
ing but a few cells to those forming a considerable part of the lobule. 
The necrotic liver cells present much the same appearance as those 
in the areas of central necroses, and are often invaded by polynuclear 
leucocytes and endothelial cells. The capillaries contain very few red 
blood corpuscles, a variable number of leucocytes and endothelial cells, 
and almost always some fibrin, and the capillary walls are frequently 
thickened and hyaline. The necroses seem to be due to obstruction of 
the capillaries by cells and fibrin. In one case in which the focal 
necroses were very numerous, each about the size of a miliary tubercle, 
the liver cells in and adjoining the periphery of each area contained 
multiple nuclei evidently due to direct division. In this respect the 
lesion was analogous to the local lesions of the epithelial surfaces. 


The Pancreas, Salivary Glands, Adrenals, Pituitary Body, Thyroid 
Glands and Testicle. 


These organs show no changes macroscopically or microscopically. 


The Nervous System. 


In many cases of diphtheria degenerative changes take place in the 
nervous system, but the changes have not yet been studied in a 
sufficient number of cases to make a general statement possible. In 
this series twenty-eight cases were examined, which were selected either 
on account of cardiac symptoms, or paralyses, or the severity of the 
disease. Various nerves were stained by the Marchi method: the 
olfactory once; the optic chiasma twice; the third cranial nerve once ; 
the fourth twice; the fifth twice ; the sixth, seventh, eighth, and ninth, 
each once ; the pneumogastric 28 times; the twelfth nerve twice; the 
phrenic twice; the splanchnic once; the ulnar once; the obturator 
once; the anterior crural three times; the sciatic twice. In addition 
the cortex cerebri was studied by the aid of Marchi’s method five times ; 
the cerebellum twice; the pons three times; the medulla four times ; 
the spinal cord seven times; and the Gasserian ganglion once. In 
many cases the nerves from both sides of the body were examined, but 
no differences were observed. 


N. D. 8 
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In all 28 cases all the nerves showed various degrees of fatty 
degeneration, from slight to extreme (PI. V, fig. 1). The degeneration 
seems almost invariably to begin in the myelin sheath. To clearly 
demonstrate this fact it is necessary to stain the axis cylinders in 
Marchi preparations by means of a rather strong mixture of acid fuchsin 
and picric acid. In sections stained in this way the axis cylinders are 
often found pushed to one side, so that the drops of fat lying in 
the middle of the nerve fibre and apparently within the axis cylinder 
are clearly shown to have originated in the myelin sheath. 

As a rule the change in the myelin which causes it to stain with 
osmic acid in the Marchi method, begins at some point close to the axis 
cylinder and gradually spreads around and along it. The myelin breaks 
up into granules, droplets, and very irregular bizarre figures which 
are usually more refractive at the periphery than the centre and often 
show double contours. As a rule the centre of the mass stains more 
deeply than the periphery, but sometimes small black globules with pale 
centres can be seen. 

The changes in the axis cylinders seem to consist chiefly of swellings 
which are often irregular, causing them to present a beaded appearance. 
As the axis cylinder swells it stains very faintly, so that it is often 
difficult and sometimes impossible to distinguish it. When the myelin 
sheaths have undergone marked fatty degeneration, the axis cylinders 
usually cannot be distinguished. Whether they have simply swelled 
up and disappeared, or have undergone fatty degeneration, is difficult to 
determine, but in no axis cylinder which could be positively demon- 
strated was there any evidence of fatty degeneration. 

Five examinations of the cerebrum, two of the cerebellum, three 
of the pons, four of the medulla, and seven of the cord, showed every- 
where slight to marked diffuse fatty degeneration of the white substance, 
The same change was present in the anterior and posterior nerve roots. 

The results of the investigation of the nervous system may be 
summed up as follows: Slight to marked diffuse fatty degeneration 
of the nerve fibres of the central nervous system and of its peripheral 
extensions occurs in certain cases of diphtheria. 


The Skeletal Muscles. 


In one case in which the nerve fibres of the central nervous system and 
of the peripheral nerves showed marked fatty degeneration, the muscles of 
the tongue and of the ulnar side of the forearm, as well as the sartorius 
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muscle, and the biceps of the thigh were examined by Marchi’s method 
(Pl. V, fig. 2). All showed a marked degree of fatty degeneration, about 
one muscle fibre in four being affected. The fat drops were small and 
usually very evenly distributed throughout the whole of the affected 
fibres. The heart muscle in this case also showed marked fatty 
degeneration. In the second case in which fatty degeneration of the 
heart and of the nervous system was marked, the muscles of the tongue 
and of the diaphragm, and the tibialis anticus all showed a similar 
degenerative process. In places three fibres out of four were studded 
with fat drops. It seems probable that in all cases where fatty 
degeneration of the heart and of the nervous system has occurred, 
a similar change will be found in the skeletal muscles. 


C. SECONDARY LESIONS. 


In many, perhaps in all cases, the local lesions due to the diphtheria 
bacillus are more or less complicated by other lesions due to invasion by 
secondary micro-organisms such as the Streptococcus pyogenes. Such 
invasion can be demonstrated for the most part microscopically only, and 
is ordinarily of such minor significance that it is neglected. Occasionally, 
however, secondary invasion of the local lesions results in extensive 
destruction of the tissues, but it is impossible to state precisely how 
much is due to the diphtheria bacillus and how much to the pyogenic 
micro-organisms. The ulcerations of the tonsils, etc., already considered 
under the local Jesions ought to be placed under this heading. In the 
lungs, in the accessory sinuses of the nose, and in the middle ears these 
secondary invaders are, however, easily demonstrated by bacteriological 
methods. The results of examinations of the lungs have already been 
mentioned (p. 102), and the results of the bacteriological examinations 
of the accessory sinuses and of the middle ears can be summarised 
briefly. When several micro-organisms are present, it 1s of course 
impossible to say which invaded the cavity first, and the same state- 
ment is true of the infections in the lungs. In all these cases it can, 
however, be said that it was the diphtheria bacillus which first attacked 
the body as a whole. 

(a) The accessory sinuses of the nose were examined by means 
of the Hark operation in 63 cases. Acute inflammation of the antra 
of Highmore was found in 39, and in 24 the diphtheria bacillus 
was present alone or associated in various combinations with the 
Streptococcus pyogenes, the Pnewmococcus, and the Staphylococcus 

ged 
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pyogenes aureus. In the remaining cases the latter bacteria alone were 
present. 

In some cases the exudate was serous or seropurulent, in others 
distinctly purulent, while in a few cases a fibrinous membrane was found. 
Seven times a mucoid secretion only was present. It seems probable 
that the infection of the antra of Highmore with diphtheria bacilli 
explains the persistence of these bacteria in cultures from the nose long 
after all evidence of membrane has disappeared from the throat: in 
some cases they have persisted for months. 

In adults the sphenoidal and ethmoidal sinuses are often involved 
like the antra, but in children these cavities are not developed. 

(b) The middle ears were examined in 144 cases and showed in- 
fection in 86, the exudate varying from mucoid to purulent. The 
results of cultures were as follows: the diphtheria bacillus was found 
39 times, Streptococcus pyogenes 51, Staphylococcus aureus 19, Pneu- 
mococcus 6, in various combinations. 

(c) Acute abscesses were present in 21 cases. Bacteriological 
examinations gave the following results. 

(1) Abscesses of the cervical lymph nodes occurred in 12 cases, 
containing in four cases the diphtheria bacillus, in eight the strepto- 
coccus, and in three the Staphylococcus aureus, either in pure culture or 
in various combinations. (2) Retropharyngeal abscess were present in 
three cases. In one case a streptococcus alone was found, in another 
the diphtheria bacillus, a streptococcus, and Staphylococcus aureus, and 
in the third a streptococcus and Staphylococcus aureus. (3) One case 
of retrolaryngeal abscess occurred containing a streptococcus and Staphy- 
lococcus aureus. (4) An abscess of scalp, due to Staphylococcus aureus, 
occurred in one case, and (5) an abscess of the bronchial lymph node 
due to a streptococcus in one case. (6) An abscess of tonsil, containing 
the diphtheria bacillus and Staphylococcus albus was found in one 
case ; (7) an abscess of the spleen due to a streptococcus in one case ; 
and (8) an abscess over trochanter of femur due to a streptococcus 
in one case. 

(d) <A general septicaemia with other bacteria than the diphtheria 
bacillus occurs in about 30 per cent. of the fatal cases. The bacterium 
most frequently found is the Streptococcus pyogenes. It occurs both 
alone and associated with the diphtheria bacillus. Less commonly the 
Staphylococcus pyogenes aureus invades the blood. The order of fre- 
quency in which these bacteria are obtained by culture from the internal 
organs is as follows: liver, spleen, kidneys, and heart’s blood. 


F. B. MALiLory 117 


(e) Acute endocarditis occurred in seven cases. From one the 
diphtheria bacillus was obtained, from another the streptococcus, and 
the other cases were not examined by culture. 

(f) Five cases of acute pericarditis occurred, all due to the 
streptococcus, but in one case the pneumococcus was also present. 

(g) Acute pleurisy was found in 23 cases, but cultures were rarely 
taken. The streptococcus was obtained six times, pneumococcus twice, 
and the Staphylococcus aureus once. 

(h) Acute peritonitis occurred in two cases, both due to the strepto- 
coccus. 

(7) Acute suppurative mediastinitis was present in two cases, and in 
both the streptococcus was found. 

(j) Other diseases. Cases of diphtheria are often complicated by 
the action not only of various pyogenic bacteria, but also of other 
pathogenic micro-organisms which have invaded the body before the 
onset of diphtheria or during its progress. 

In this series of cases the following combinations of diphtheria with 
other diseases were found. 

Diphtheria and tuberculosis, 39. 

Diphtheria and scarlet fever, 34. 

Diphtheria and measles, 16. 

Diphtheria, scarlet fever, and measles, nine. 

Diphtheria and erysipelas, one. 

Diphtheria and epidemic cerebrospinal meningitis, one. 

Diphtheria and typhoid fever, two. 

Diphtheria, tuberculosis, and dysentery (Amoeba colt), one. 


D. Repair, CAUSES OF DEATH, SEQUELAE, AND INCUBATION. 
Repair. 

In the process of repair, if the necrosis in the local lesions has 
affected the epithelium only, the membrane gradually peels off or 
softens, and epithelium grows in from the adjoining unaffected edges. 
If the necrosis has extended into the submucosa, the necrotic tissue has 
to be softened, along its line of union to the living tissue, by the action 
of the leucocytes and replaced by scar tissue. The necrotic epithelium 
in the mucous glands is dissolved and removed, and then replaced by 
the proliferation of those epithelial cells which have escaped injury. 
The exudation in the submucosa is gradually absorbed. 

In the systemic lesions reparative changes also take place. Fat 
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disappears from the various cells. Hyaline and necrotic cells in the 
different organs are dissolved and removed. Proliferated connective 
tissue cells remain as dense scar tissue, as for example in the heart. 
The proliferated endothelial cells in the lymphoid tissue throughout the 
body undergo fatty changes and necrosis, and then disappear. Small 
hyaline masses sometimes mark the places where they have been. 

The lesions due to the exudation of cells of the lymphocyte series 
into various organs gradually disappear either by migration of the cells 
into the lymphatic system or by necrosis and absorption, 

The bone marrow regains its function of producing fully differentiated 
cells of the various types normally present in the bone marrow and in 
the circulation. 


Causes of Death. 


The common causes of death in diphtheria at the present day, when 
laryngeal obstruction is so readily relieved by intubation or tracheotomy, 
are extension of the membrane to the bronchi, bronchopneumonia, 
toxaemia, septicaemia, and cardiac failure. These represent the promi- 
nent or immediate causes of death, for as a rule death is due to a 
combination of causes. 

McCollom in an analysis of 121 fatal cases of diphtheria, of which 71 
came to autopsy, assigned the causes of death as follows: extension 
of membrane to bronchi 39; bronchopneumonia 29; toxaemia and 
septicaemia 29; cardiac complications 19; abscess of lung two; 
tuberculosis two; thrombus of the lateral sinus one. 

While antitoxin treatment may lead to the disappearance of a 
diphtheritic membrane in the throat or bronchi, or counteract a 
toxaemia or septicaemia due to the diphtheria bacillus, it cannot 
influence a bronchopneumonia or a septicaemia due to the Streptococcus 
pyogenes or the Pnewmococcus. Secondary lesions due to invasion by 
other micro-organisms than the diphtheria bacillus represent, therefore, 
a great source of danger. 

The toxaemia, due chiefly to the absorption of the diphtheria toxin, 
but in some cases to the toxins of other bacteria also, is the cause of the 
various systemic lesions already described, fat in the cardiac and striated 
muscles, in the brain, cord, peripheral nerves, kidneys, liver ; necrosis of 
heart muscle ; necrosis in the liver; and degenerative and proliferative 
changes in the bone marrow and in lymphoid tissue throughout the 


body. 
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While a septicaemia with the diphtheria bacillus, the strepto- 
coccus, or other bacteria is probably not necessarily fatal, these 
organisms tend to increase the degree of toxaemia and undoubtedly 
play a deciding part in some cases. 

The lesions of the heart in the cardiac cases, namely fat in the 
muscle fibres, hyaline degeneration and necrosis of the fibres, the 
infiltrative and proliferative changes in the interstitial tissue, and 
the formation of mural thrombi are all the results of the toxaemia. 
According to Thomas and Hibbard about one death in five is due 
to heart failure which occurs most frequently during the second week 
of the disease, but often also during convalescence, even as late as the 
sixth or seventh week after apparent recovery. While the early cases 
seem to be due to paralysis of the vaso-motor centre in the medulla, 
the later cases are probably the result of the changes in the heart 
muscle, the hyaline degeneration and necrosis which constitute the 
more important form of acute myocarditis. 

The kidneys are rarely the immediate cause of death, although 
marked lesions of a degenerative, infiltrative, or even proliferative 
character are often present. 


Sequelae. 


The most common sequela of diphtheria is paralysis due to degenera- 
tion of the nerve fibres in consequence of the action of diphtheria 
toxin. Clinically the lesion is a toxic neuritis. The symptom occurs in 
10 to 20 per cent. of all cases, more often during the second or third 
week of convalescence but occasionally as early as the seventh or eighth 
day of the disease. While the paralysis occurs more commonly during 
or after the severer cases, it may follow very mild cases. The neuritis 
usually causes paralysis of a single muscle or group of muscles, but the 
multiple form of diphtheritic neuritis is not uncommon. The muscles 
most frequently affected are those of the soft palate, next most 
commonly those of the vocal cords. Third in frequency come the 
muscles of the eyes. The muscles of the body and extremities are 
rarely paralysed. 

A second common and very important sequela is insufficiency of the 
heart due to the changes which have taken place in the muscle and 
which may lead to heart failure. This condition has already been 
considered under Causes of Death. 

The lesions of the kidney, although often marked, do not seem 
to lead to chronic nephritis as is so often the case after scarlet fever, 
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Incubation. 


The period of incubation in diphtheria does not depend on any 
complicated developmental cycle of the causal agent such as is necessary 
with some of the pathogenic protozoa. Instead it depends chiefly on 
the rapidity with which the bacilli multiply and produce toxin. If a 
patient is infected with a thousand diphtheria bacilli instead of with 
only one, he will naturally show lesions and symptoms more quickly. 
The virulence of the infecting micro-organism would also make some 
difference. The time of incubation is generally stated to be two to five 
days, rarely longer. In the case of a student who cut his finger while 
removing the organs of the neck at an autopsy on a child dead of 
diphtheria and who then sucked his finger, symptoms and lesions were 
well marked at the end of twenty-four hours. 


Experimental Diphtheria. 


Local and systemic lesions similar in character to those occurring 
in man after natural infection can be produced in susceptible animals’ by 
inoculation with the diphtheria bacillus, but very virulent cultures must 
be used in order to produce on mucous surfaces a typical local lesion 
with membrane formation. Ordinarily inoculations are made into the 
subcutaneous tissues. The resulting lesion is similar to that produced 
in man in the rare cases of accidental infection of cuts on the finger, 
ete. The diphtheria toxin apparently cannot bring about membrane 
formation on mucous surfaces, probably owing to the difficulty of keep- 
ing it applied to the surface for a sufficiently long time. Injected 
subcutaneously it gives rise to a lesion exactly like that produced by 
the bacillus. 

The systemic or general lesions are alike except in severity in all 
cases. It makes no difference whether the bacillus or the toxin is used, 
but the use of toxin has the advantage that the amount and strength 
can be accurately measured and the severity of the lesions produced 
absolutely controlled. With the bacillus this control of the results 
is much less certain. 


1 Experimental diphtheria (see Index), 
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SECTION IV. 


By G. 8. GRAHAM-SMITH. 


CHAPTER IV. 
THE DIPHTHERIA BACILLUS. 


Introduction. Morphology of the diphtheria bacillus, in smears and in culture. Size, 
shape. Staining of the protoplasm. Classification. Involution form. Characters 
at various periods of growth on serum, Post-fission movements. Branching forms. 
Spores. Reaction to staining agents. Loeffler’s, Gram’s, Nicolle’s, Neisser’s, Crouch’s, 
Coles’, Bronstein’s, Cobbett’s, Piorkowski’s, Schauffter’s, Faliéres’, Ficker’s, De 
Rovaart’s, Peck’s, Pitfield’s, Andrade’s, Pugh’s, Higley’s, Ljubinsky’s, Epstein’s and 
Boni’s methods. Cultivation on artificial media. Loeffler’s, Lorrain Smith’s, Cobbett’s, 
Kanthack and Stephens’, Hayward’s, and White’s serum media. Agar. Gelatin. 
Potato. Broth. Products of growth in broth, Action on different sugars. Effects 
of alkalis and acids on the growth. Milk. Litmus whey. Indol production, 
Vitality in culture. Chromogenic cultures, Influence of temperature on growth. 
Powers of resistance to cold, drying, light. Period of life in soil and dust. Effects 
of putrefaction. Action of germicides. Powers of resistance of bacilli enclosed in 
membrane. Behaviour in food substances: water, milk, butter, cheese, wine, and 
bread. Virulence. Occurrence of diphtheria bacilli in notified persons, and contacts, 
in families, amongst attendants, in hospital wards, and schools, Distribution amongst 
healthy non-contacts. Summary. 


Introduction. 


THE diphtheria bacillus belongs to a group of organisms sometimes 
spoken of as the Corynebacteria (Lehmann and Neumann, 1896), the 
members of which resemble one another more or less closely in 
morphology and cultural characters. Consequently the diphtheria 
bacillus has to be distinguished not only from species belonging to 
this group, but from others, which though they resemble it in morpho- 
logy, differ widely from it in some of their biological characters, 
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All who have written on the subject of diphtheria bacilli lay 
emphasis on the great divergence in morphology shown by various 
strains which in their cultural reactions and pathogenic properties are 
identical. According to their morphological characters in young 
cultures the bacilli have been divided into morphological types. Some 
of these types are common, others are rare. Bacilli resembling the 
diphtheria bacillus more or less closely in morphology are of frequent 
occurrence in the throat, nose, eye, ear, skin and genital organs. These 
have been termed pseudo-diphtheria bacilli. 

The diphtheria-like or pseudo-diphtheria bacilli in their various 
forms have been a source of endless confusion. Some authors have 
called pseudo-diphtheria bacilli all the diphtheria-like bacilli which 
they encountered, which did correspond in some of their cultural 
characters to typical diphtheria bacilli. Others have restricted the 
term to bacilli which in all points resemble the diphtheria bacillus 
except in their pathogenic action on guinea-pigs, i.e. non-virulent 
diphtheria bacilli. Others again, the majority among the more recent 
writers, restrict the term pseudo-diphtheria bacillus to the organism 
which will be described in the following chapters as the Hofmann’s 
bacillus, 

The subject is still further complicated by the fact that one school 
of investigators considers that the pseudo-diphtheria bacillus (usually 
meaning the Hofmann’s bacillus) is merely an attenuated and slightly 
altered diphtheria bacillus, capable under favourable conditions of turning 
into the diphtheria bacillus and giving rise to diphtheria. The other school 
hold that this organism is in no way related to the diphtheria bacillus 
and is incapable under any conditions of being converted into the latter, 
This is a subject of more than academic interest since the Hofmann’s 
bacillus is commonly present in the normal mouth and nose, and, if the 
view of the former school is well founded, must have a considerable 
influence on our efforts to check the disease by the isolation of persons 
infected with genuine diphtheria bacilli. 

Another name, which has been used in various senses and has 
consequently added to the confusion, is the term Xerosis bacillus. By 
some it has been apparently used to denote the non-virulent diphtheria 
bacillus, occasionally found in the throat, while by the majority of 
writers this. name is only applied to a diphtheria-like organism 
frequently present on the normal and diseased conjunctiva. The 
relationship of the latter to the diphtheria bacillus has also been 
a subject of dispute. The term Xerosis bacillus will be here used 
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only to denote the diphtheria-like organism found in the eye (see 
Chapter X). 

In order to render the subject as clear as possible the diphtheria 
bacillus and the organisms which resemble it will be considered under 
the following headings :— 

(1) The diphtheria bacillus. Its morphological types, cultural and 
pathogenic characters and the conditions which influence its growth, 
vitality, and distribution (Chapter IV). 

(2) The Hofmann’s bacillus or pseudo-diphtheria bacillus treated 
in a similar manner (Chapter V). 

(3) The relationship of the diphtheria bacillus to Hofmann’s 
bacillus and the arguments for and against the identity of the two 
organisms (Chapter VI). 

(4) Other diphtheria-like organisms which differ in some more or 
less important characters from diphtheria and Hofmann’s bacilli will be 
considered in the chapter (X) dealing with “ Differential Diagnosis.” 
Amongst these is the Xerosis bacillus. The majority of these organisms 
have been found in other situations than the throat. Consequently it 
has been thought advisable to consider each in connection with the 
situation in which it has been found rather than in groups according to 
their characters. A synopsis of their principal characters is given at 
the end of that chapter. 


Morphology of the Diphtheria Bacillus. 


The diphtheria bacillus is most commonly found in the mouths and 
noses of those who are suffering from clinical diphtheria. It has also 
been found in the throats of healthy persons who have come into, 
contact with the patients. More rarely it occurs in lesions! of the eye 
skin, ear, and female genital organs, and on objects soiled by the saliva 
of diphtheria patients. Very rarely it has been found in milk and 
water, and a few instances are recorded of animals suffering from the 
disease. 

1. In smear preparations? made from false membranes the diphtheria 
bacilli stain well by the ordinary aniline dyes and appear as slightly 
curved or nearly straight rods of various lengths usually about 3 long, 


1 Examples of the rarer lesions due to the diphtheria bacillus are given at length 
(Chapter X). 

2 The organisms from which diphtheria bacilli have to be distinguished in such 
preparations are described later (Chapter X). 
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but they may be as short as ly or as long as 5u or more. The contour 
is irregular, and in the majority of specimens at least one end is 
slightly swollen, giving the organism a wedge or club-shaped 
appearance. Occasionally both ends are swollen when the bacilli are 
dumbbell-shaped. This dilatation at the ends is not so marked in 
specimens seen in smears from false membranes as it is in bacilli 
obtained from cultures. The ends of the bacilli are usually rounded, 
but one end may be tapering. Occasionally examples are found with 
their greatest swelling in the middle and with both ends tapering. The 
protoplasm is generally irregularly stained and may show more or less 
transverse banding but some specimens stain uniformly. Darkly stained 
granules, situated at the ends and occasionally in the middle of the 
organisms, are frequently present in the protoplasm of the bacilli. 
When stained by methylene blue these granules show a violet 
tint. In such smears there is always a want of uniformity in the 
appearance of the bacilli as they lie side by side, but examples of most 
of the forms described may be met with in the same film. The bacilli 
usually he irregularly scattered or in clusters, the individuals being 
disposed in all directions, but chains are never found. Some may be 
contained within the leucocytes. (PI. XI, fig. 1.) 

In sections of membranes the position of the diphtheria bacilli varies 
in different cases, but they are most frequently found in irregular 
clumps in the spaces between the fibrin in the superficial part of the 
membrane (Pl. XI, fig. 2). In this situation they may be the only 
organisms present. On the surface they are often found in very large 
numbers, but are usually accompanied by numerous other organisms of 
various kinds. In the deeper parts they are rarely found. 

2. In culture. The diagnosis of diphtheria is usually made from 
cultures grown on one of the serum media, and descriptions of diphtheria 
bacilli usually relate to their morphology on these media. In stained 
preparations made from colonies 12—24 hours old growing on Loefter’s 
serum medium diphtheria bacilli vary greatly in appearance and 
may belong to several types. For the sake of convenience and clearness 
the appearances are described under the following headings: arrange- 
ment, size, shape, staining of protoplasm and involution forms. 

Arrangement. The bacilli may occur singly, but are more usually 
arranged in groups of three, four, or more individuals lying side by side 
at a more or less open angle with each other or occasionally one 
individual may lie across the others. Sometimes the bacilli lie end to 
end, but are always at a more or less open angle with each other, 
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resembling a circumflex accent, or the letters L or V. One small group 
of bacilli, the members of which are lying more or less parallel, is often 
found near a similar group forming a mass with interlacing ends. In 
large collections the bacilli are frequently thrown into irregular 
interlacing heaps resembling groups of cuneiform characters. The 
arrangement of the bacilli in the field has also been compared to 
Chinese letters or pine-needles lying on the ground. Chains even of 
moderate length are never found. 

Size. Diphtheria bacilli from serum cultures vary greatly in length 
and have been divided according to their size into long, short, and 
medium length bacilli. The diameter of the bacilli varies between ‘2u 
and ‘84 and the length usually between ly and 8p, but exceptionally 
even longer forms up to 13m occur. 

Shape. The individual bacilli are usually slightly curved, but 
greatly curved forms are frequently encountered. Straight bacilli are 
seldom met with. 

The bacilli are seldom if ever uniformly cylindrical throughout their 
entire length, but are usually somewhat swollen at one end or the other, 
and not infrequently at both, especially in the longer forms. Slighter 
irregularities are generally present throughout their length. The ends 
are usually rounded, but specimens are occasionally met with in which 
one end is more or less pointed. More rarely both ends may be 
tapering. 

Diphtheria bacilli may be classified according to their shape and size. 
Amongst the shorter forms wedge-shaped and irregular specimens are 
the most common. In these forms the swelling usually occupies one 
half of the bacillus, and is not entirely confined to the end, the other 
half being distinctly smaller and sometimes having a pointed extremity. 
Irregular forms with the swelling near the centre, or without any 
marked swelling are met with amongst these forms. In the longer 
forms wedge-shaped specimens are not common. The organism 
is gently curved and the ends are usually slightly greater in 
diameter than the rest of the bacillus, and one or more slight 
irregular swellings may be present in its length. These bacilli usually 
have a length of from 83—4y. A third group consists of bacilli of about 
the same length or decidedly longer which have either one end or both 
decidedly swollen. The swollen ends are frequently twice as broad as 
other parts of the bacilli. Such bacilli are spoken of as club-shaped. 

Short oval bacilli, which are young forms, may be encountered in 
almost any culture. 
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In preparations from any given culture the majority of bacilli are 
usually found to belong to one of these three groups, the last two of 
which are of more common occurrence than the first. 


Staining of the Protoplasm. 


Diphtheria bacilli have also been classified according to the mode 
in which their protoplasm stains by the common dyes, especially 
methylene blue. When stained by Loeftler’s methylene blue solution, 
some portions of the protoplasm usually stain deeply and others lightly. 
The most typical condition is that which is usually met with in the 
long and club-shaped forms. In these the terminal swellings are usually 
deeply stained and frequently show in them violet-tinted granules. 
The rest of the protoplasm in this type is unevenly stained, showing 
alternate irregular lightly and darkly stained bands. These bands are 
seldom transversely placed across the length of the bacillus, but cross 
the long axis of the organism at various angles. Such specimens may 
be described as (I) banded or segmented bacilli. Another type of diph- 
theria bacillus is faintly stained but has irregular patches of darkly 
stained protoplasm in its substance. These have been termed (II) 
irregular beaded bacilli. A well-marked variety of this type is the 
form termed by Eyre (1899) the “sheath bacillus.” He describes it as 
showing “a distinct sheath of faintly stained protoplasm tapering to 
a fine point at either extremity, and enclosing one darkly stained, 
elongated, lozenge-shaped aggregation of protoplasm about one-third 
of the length of the entire organism.” According to the writer’s 
experience some long irregularly beaded bacilli are always to be found 
in cultures of the sheath variety. In a third type the darkly stained 
parts are rounded and disposed regularly along the length of the 
bacillus, giving it the appearance of a short chain of streptococci. 
This has been described as the (III) Streptococcal form of the bacillus 
(Cobbett 1901). Of the above three types the first two are by far the 
most common, and are the ones described by most observers as typical 
of the diphtheria bacillus in culture. In a fourth type, which is less 
frequently met with, the bacilli are uniformly and darkly stained through- 
out their length. If not too darkly stained a narrow lightly staining 
septum may, however, often be seen in bacilli of this type. These are 
usually described as (LV) uniformly or solidly stained bacilli. Lastly (V) 
oval bacilli uniformly stained or with a light central band (very young 
forms) may sometimes be seen amongst the other forms. 
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Although oval forms are to be met with in pure cultures of diphtheria 
bacilli they usually represent only young bacilli (see p. 133), and virulent 
cultures composed of these forms alone have very rarely been encountered. 
That they may occasionally, however, be the only forms present in 
virulent cultures is. proved by the experience of Wesbrook, Wilson and 
McDaniel (1900) during an outbreak at Owatonna. 

The darkly stained violet granules (Polar bodies) mentioned above 
may be met with in all of these types except the very young forms. 


Classification of Diphtheria Bacill. 


One of the most satisfactory methods of classifying diphtheria bacilli 
is that which has just been given, according to their staining properties 
irrespective of the size of the organisms. By this method five types 
may be recognised. (Cobbett, rv. 1901, p. 240.) 

I. Segmented bacilli. (Pl. VI, figs. 3, 4, 5.) 
II. Long, faintly stained, irregularly beaded bacilli. (Pl. VI, fig. 1.) 
The “Sheath” bacilli belong to this type. 

III. Regularly beaded bacilli. Streptococcal forms. (PI. VI, fig. 2.) 

IV. Uniformly stained bacilli, sometimes with narrow median light 
bands. (PI. VI, fig. 6.) 

~ V. Oval bacilli, which frequently possess one unstained septum. 
Young forms. 

Many authors have only distinguished between long, medium length, 
and short diphtheria bacilli, whilst others, using the length of the - 
organisms for their main divisions, have subdivided them according to 
their staining reactions. 


Further Classification of Diphtheria Bacilla. 


Wesbrook, Wilson and McDaniel (1900) have introduced a classi- 
fication which has been very frequently made use of by other observers 
in describing the bacilli which they have encountered. These authors 
say “attempts to classify types of bacilli on the appearance of micro- 
scopic fields of presumably pure cultures had to be abandoned, and, 
instead, we were compelled to adopt a classification based on the 
morphology of individual bacilli. In the study of the morphology of 
pure cultures in most instances, especially where they have been derived 
from typical clinical cases of diphtheria, it is the exception to get even 
a moderate degree of uniformity in the general shape, size, staining 
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DIPHTHERIA BACILLI FROM SERUM CULTURES. 


Fig. 1. Pig. 2. 
Trregularly beaded form, ‘« Streptococcal” form. 
Subculture 24 hours. First culture 24 hours. 


Fig. 3. Fig. 4. 
Segmented form. Segmented form. 
First culture 24 hours. First culture 24 hours. 


Fig. 5. Fig. 6. 
Thin segmented form. Uniformly stained form. 
First culture 24 hours. Subculture 24 hours. 


All figures drawn with the aid of a camera lucida (Zeiss ;'; im., No. 4 oc.) 
stained with Loeffler’s methylene blue (diluted 1: 5). 


[From Graham-Smith, Journ. of Hygiene, Vol. 1v. Plate x1v. 1904.] 
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reactions, ete., of the individual bacilli, whilst to get complete uniformity 
is not to be hoped for. At first it seemed possible by obtaining an 
accurate description and coloured sketch of all the bacilli in each pure 
culture to arrive at a classification. Upon becoming gradually accustomed 
to close observation, and particularly when it came to sketching the 
forms, it was soon found that one or more forms might be common 
to several cultures whose general morphological characteristics seemed 
to be quite different. By general morphological characteristics is meant 
the general picture seen by a trained observer. In ordinary routine 
examinations the observer is influenced perhaps more than he always 
realises by the presence of certain forms which meet his particular views 
in regard to type, and may overlook or minimize the importance of other 
to him less well-known forms which may be present.” 

The arrangement they adopt is a purely arbitrary and provisional 
classification of the morphological types (stained with Loeftler’s methylene 
blue) and does not take into account the biological and pathogenic 
properties of the organisms. Their types are divided into three main 
groups depending on their staining reactions. (Plates VII, VIII.) 

Group I. Granular Forms. These show distinct spherical, ovoid, 
or markedly rounded granules. These forms are represented by the 
plain letters, A to G. In each variety except B the granules show 
metachromatism—1.e. take on a reddish tint with fresh Loeffler’s methy- 
lene blue. The granules are, as a rule, at one or both poles of the bacilli, 
though they may occur elsewhere also. The protoplasm of the bacilli 
not included in the granules varies in intensity of staining, though it is 
always lighter in colour than, and usually in marked contrast to, the 
granules, 

Group II. Barred Forms. Irregularity of staining is the dis- 
tinguishing character. Bacilli belonging to this general class present a 
distinct barred appearance as of actual removal of segments of pro- 
toplasm. The darkly staining portions vary in the intensity of the 
colouration in different bacilli of the same variety and even in the same 
bacillus. Their size and shape are variable, though, as a rule, not 
spherical, nor ovoidal, and the colour, whilst usually dark, does not 
suggest metachromatism. The number of dark segments varies from 
three to nine. A’, B', C!, are familiar types of diphtheria bacilli. 

Group III. Solid Colour Forms. These include not only the 
solidly or uniformly staining forms of all shapes and sizes, but also 


those with the appearance of diplo-bacilli (A?, B®, C?, D?, EY, G"). 
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Types in Detail. 


Types A, A!, A? have often been described as involution forms, but 
are frequently to be found in smears and fresh cultures. (8—6y.) 

Certain of them, as type A’, if found as the only microbe present, 
besides staphylococcus or streptococcus, in a throat culture would not 
suggest a diagnosis of diphtheria. (PI. VII, figs. 1, 2, 3.) 

Types B, B’, and B*. These types are long and slender. (3—7p.) 
“ Type B has been found as almost the sole diphtheria-like organism 
present in a series of cultures from a case of typical clinical diphtheria 
and proved to be highly virulent to guinea-pigs.” (PI. VII, figs. 4, 5, 6.) 

“ Types B' and B? have not been found as the predominating forms 
in direct throat and nose cultures, though sometimes present in small 
numbers, It will readily be seen from the resemblance in size and shape 
of type B? to various common bacteria of the mouth that it would be 
very unsafe to diagnose this type as Bacillus diphtheriae except when it 
occurs as a variant in pure cultures.” 

Type C. Often somewhat curved forms, in which the protoplasm 
stains light blue except always at the poles and occasionally at one 
point between the poles, where rounded, rarely ellipsoid metachromatic 
granules occur (83—6y). This form is the most common one met with 
in clinical cases. (Pl. VII, fig. 7.) 

C* has been frequently met with in clinical diphtheria (8—6y). 
(Bla Lt tige5.) 

0? “Infrequently met with, but up to the present time never found 
by us as the predominating form even in pure cultures which had long 
been under study. Its virulence to man and animals is therefore a 
matter of conjecture” (8—4y). (Pl. VII, fig. 9.) 

Type D. Similar in most respects to C, but shorter and thicker and 
apparently straighter. (2—3y.) (Pl. VIIL fig. 1.) 

D‘. Shorter, straighter, and with fewer bands than C! (2—8y). 
(Pl. VIII, fig. 2.) 

D?, Stain an intense even blue. Metachromatism is absent (1—2°5y). 
This form probably represents the organism usually spoken of as Hofmann’s 
bacillus. At Owatonna, however, a diphtheria bacillus of this shape was 
often present alone in clinical cases and was pathogenic for guinea-pigs. 
(Pl, VILL fig: 3.) 

Type EH. Shorter than D, otherwise similar (1—5,). (Pl. VIIL, fig. 4.) 

Bi. : PLD f » (15—2y). (Pl. VITI, fig. 5.) 

Type E*. Very like D? except that it is shorter and apparently 
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straighter. Probably usually spoken of together with D* as Hofmann’s 
bacilli. Not known to be pathogenic (1—2y). (Pl. VIII, fig. 6.) 

Type F. Small (1—2x) slender bacilli with tapering extremities, 
stain light blue, and contain one or two metachromatic granules, at one 
end or near the middle or at both places. “This form is extremely rare, 
and its pathogenesis has not yet been studied.” (Pl. VIII, fig. 7.) 

F?, Like F in shape, stains an even light blue, frequently with a 
central light band. “A rare form, and one which like B? would not be 
recognised as related to diphtheria in throat cultures, but only so when 
found as a variant in pure cultures” (1—2y). (Pl. VIII, fig. 8.) 

Type G. Shortest (1—l‘5u) granular form, usually with central 
light band. “The granules are very small, difficult to see and occur 
only at the distal extremities of the pair. It has been rarely found in 
clinical cases, though its pathogenesis for guinea-pigs has been shown in 
cultures from a non-clinical case.” (Pl. VIII, fig. 9.) 

G*, <A bacillus resembling D? and H? in staining and arrangement 
but shorter (1—1:25y). (Pl. VIII, fig. 10.) 

‘Reference to the observations of Denny on the differences in mor- 
phology at various periods of growth and to the observations of Hill and 
others on the mode of division shows that absolute uniformity of 
morphology in culture cannot be expected, since the various bacilli 
in the culture are not of the same age. Nevertheless most cultures 
have an individuality of their own, which may be preserved for many 
generations. Moreover it is frequently possible to recognise cultures 
with marked peculiarities derived at various times from the same 
individual or from persons infected by him. For descriptive purposes 
the general impression given by the culture to a trained observer is 
therefore usually sufficient without the elaborate and confusing tables 
necessitated by Wesbrook’s method of describing a culture by the 
enumeration of all the various types met with in it. 

Another important mode of classifying diphtheria bacilli is according 
to their virulence for animals (see p. 179). 


Involution Forms. 


After prolonged growth on a suitable medium, or more quickly on an 
unsuitable medium, diphtheria bacilli become considerably altered in 
shape'. Their appearance becomes more irregular, and very large forms 


1 The morphological appearances of the bacilli when grown on various media are given 
together with the microscopical appearances of the growths on these media. 


I—2 
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PLATE IX. 


Photographs of stained preparations of diphtheria cultures (from Denny, 1903). The 
magnification in all cases is the same (x 2000), and all the preparations were made from 
growths on serum and stained with Loeffler’s methylene blue (Griibler) 1-3 minutes with- 
out heat. 


Fig. 1. B. diphtheria, 5 hours at 36°C. This shows only uniformly staining forms. 
(Denny, Plate VII, fig. 1.) 


Fig. 2. B. diphtherig, same culture, 8 hours at 36°C. This shows also uniformly 
staining forms, many of them with parallel arrangement. (Denny, Plate VII, 
fig. 2.) 


Fig. 3. B. diphtheria, same culture, 15 hours at 36°C, The bacilli stain unevenly and 
show large granules. (Denny, Plate VII, fig. 4.) 


Fig. 4. B. diphtheria, same culture, 48 hours at 36°C. Shows long forms with large 
dark staining areas. (Denny, Plate VII, fig. 6.) 


Fig. 5. B. pseudo-diphtherie (Hofmann), 11 hours at 36°C. This shows uniformly 
staining forms like young B. diphtherie, but shorter, thicker, and with more 
rounded ends. (Denny, Plate IX, fig. 11.) 


Fig. 6. B. pseudo-diphtherig, same culture after 24 hours. Comparison with fig. 5 shows 
diminution in size in the older culture. (Denny, Plate IX, fig. 12.) 


Fig. 7. B. xerosis, 12 hours at 36°C. This shows only uniformly staining forms. (Denny, 
Plate IX, fig. 13.) 


Fig. 8. B. xerosis, same culture after 24 hours at 36°C. This shows the segmented 


or barred forms which are characteristic of pure cultures of this species. (Denny, 
Plate IX, fig. 14.) 
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are frequently encountered. Many become greatly swollen at their ends 
and develop enormous club-shaped masses which stain deeply, while the 
rest of the bacillus may stain badly or have irregular patches of deeply 
stained protoplasm in it. Others become pear-shaped, or globular, while 
some retain their. general shape but become thicker throughout. 
Others again show large globules at their ends while the rest of the rod 
appears as a faintly stained line. Specimens which take up the stain 
very badly are common. Some bacilli may be represented by small 
round masses like cocci or by a chain of such masses when they look 
like streptococci. In fact under such conditions every variety of shape 
and form and staining capacity may be met with. (PI. VII, fig. 1, 
Pl. IX, fig. 4, and Pl. XI, fig. 4.) 


Morphological Characters of the Diphtheria Bacillus at various 
periods of its growth on Serum. 


Denny (1903) has recently investigated the morphological characters 
of 10 strains of diphtheria bacilli at various periods of their growth on 
serum by means of stained preparations. He inoculated serum tubes 
and incubated them at 36°C., and made smear preparations from them 
after 4, 8, 12, 15, 24, 36 and 48 hours’ growth. 

After 4 hours’ growth he found the bacilli to be uniformly stained, 
resembling Hofmann’s bacilli in shape, and frequently lying in pairs. 
There was considerable variation in size and shape, and some of the rods 
were distinctly curved. At this period they correspond to C, and D, of 
Wesbrook’s types (Pl. IX, fig. 1). 

After 8 hours’ growth the rods are more uniform in size, still 
uniformly stained, and arranged in pairs. Small granules or polar 
bodies are occasionally to be seen in them (PI. IX, fig. 2). 

After 12 hours’ growth the rods are longer, frequently contain 
granules, and often have faintly stained portions at their ends. They 
correspond to the C and D types of Wesbrook. 

After 15 hours’ growth the bacilli are longer and larger, and seg- 
mentation of the protoplasm is moderately well marked. The polar 
bodies are larger and more abundant (PI. IX, fig. 3). 

After 24 hours’ growth uniformly stained specimens are few. The 
bacilli are longer, clubbing is a marked feature, and the majority show 
polar bodies. Segmentation is well marked. 

After 36 hours the above appearances are still more marked. The 
bacilli are longer and many stain poorly. 
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After 48 hours very long forms are numerous and a considerable 


proportion stain badly (PI. IX, fig. 4). 


Post-fission Movements, studied in Living Cultures. 


Hill (1901, 1902) in a series of investigations made observations on 
the development of living diphtheria bacilli and compared their mode of 
division with that of various other species. The observations were made 
by a method which he devised and called the “ hanging block” method 
(1902). Living bacilli are spread on the surface of a sterilized cube of 
agar, and the inoculated surface is applied to the under surface of a 
cover-glass. This method allows the organisms to grow horizontally 
without restriction, and they are all necessarily in optical contact with 
the cover-glass. Working by this method he has described the post- 
fission movements of diphtheria bacilli (1901). “ Restricting the term 
fission to the separation of the protoplasm of the bacterium into two 
portions, each capable of further growth, development, and reproduction, 
a striking difference as regards fission between B. diphtherve and its 
allies on the one hand, and B. typhosus (taken for the purpose as a type 
of a large group distinct from the diphtheroid group) on the other, lies 
in the post-fission movements. It may at times be possible to detect in 
B. diphtheriw segmentation of the protoplasm previous to post-fission 
movements, a hard dark line, not necessarily central, developing across 
the axis of the rod; sometimes more than one such segmentation line is 
visible in a single rod. What may usually be observed is a gradual 
enlargement of the bacterial cell in both diameters accompanied often 
by slight changes in outline suggesting some plasticity of the bacterial 
walls; then a sudden snapping across of the rod resulting in the two 
portions lying at an angle with each other and suggesting for such 
organisms the convenient term ‘snapping group.’ Subsequent growth 
results in the gradual approximation of the distal ends of these 
two rods to each other, giving a parallel arrangement. The proximal 
ends of the new rods (those which before snapping were continuous with 
each other) remain contiguous to each other after parallelism is achieved. 
In such movements, one or both rods necessarily describe parts of 
a circle, and when, as often happens, the two rods are not of the same 
length, the shorter usually moves through a much greater arc than the 
longer. Subsequent growth does not usually result in the separation of 
the two portions at the proximal ends, the increase in length in the 
longer portion apparently carrying the other portion with it. That 


G. 8S. GRAHAM-SMITH + t35 


something unites the proximal ends seems further evident, because 
if two rods thus derived be disturbed, as by a current of water, so that 
they drift off, turning over and over, their relative positions remain 
unchanged. <A single rod may break up into three portions instead 
of two.” 

The hypothesis offered by Hill to explain these movements is, in 
brief, as follows :—‘“that the visible bacterial rod is surrounded by an 
invisible or scarcely visible membrane (even in crowded unstained 
preparations, individuals lying side by side are rarely if ever in 
visible contact, an interval remaining always between them); that in 
B. diphtherie only incomplete rupture of this membrane after fission 
occurs, the line of rupture running round only a_ portion of the 
circumference of the original rod, leaving a bridge connecting the new 
rods formed; that the enlargement of these rods before snapping 
and the tension thus produced originates the rupture, and that the 
preliminary angular position, and the parallelism finally achieved are 
due to the pressure of the proximal ends of the new rods on each other 
in composition with the restraint exercised by the unruptured strap- 
hinge like portion of the original membrane” (Plate X, fig. 1). 


The fission and post-fission movements of B. typhosus for example are quite 
different. Hill describes them as follows :—‘‘In this species fission is always 
clearly evidenced by a sharp separation of the protoplasm of the original rod 
into two usually equal portions by a translucent segmentation interval. Later 
a slight curve to one side is observed in one of the two new rods still in line 
with each other. This curve tends to straighten afterwards, the straightening being 
achieved by the proximal end of the curved rod slipping slowly out of line with 
the other rod, towards that side on which was the convexity of the curved rod. 
The two rods, now free at both ends continue to grow, the proximal ends passing 
each other in opposite directions, and finally reaching, if nothing prevents, to 
the distal ends.” Species such as B. typhosus he terms the “slipping” species 
CELT x fig. 2). 

Plate X, figs. 3, 4 show the development of single specimens of 
B. diphtherve into four and eight daughter cells as has just been 
described. The relations of the various daughter cells to one another 
and the time which elapsed between the various stages are given. 

These movements have also been described by Kurth (1898) and 
Nakanishi (1901). 

Hill and Rickards (1903) investigated the post-fission movements in 
18 species of bacteria, namely B. anthracis, megathervum, coli, typhi, 
pestis, ramosus, indicus, fluorescens liquefuciens, mucosus capsulatus, 
pyocyaneus, the bacillus of logwood, Whipple’s C and D and Sp. cholere 
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PLATE X. 


The figures in this plate are from Hill 1901 (30th Annual Report of the Health 
Department of the City of Boston, p. 81) and are described in his own words. 


Drawings made from direct observation of bacilli, developing in hanging block pre- 
parations, under the microscope, at 37°C., warm stage. The individuals in each figure 
(1-4) are drawn to a common scale, but the scale was not the same for all the different 
figures. The diphtheria bacilli described were derived from cultures obtained in the course 
of routine diagnostic work of the Boston Board of Health, and were typical in morphology, 
cultural reactions and virulence. The typhoid bacilli observed were derived from the 
culture used in the laboratory for the Widal test. 


Fig. 1. Actual. B. diphtheria, illustrating ‘‘snapping” (A) became (B) suddenly, the 
change occurring under the writer’s eye ; (B) became (C) gradually, as is the rule in 
this species. Fig.1. Hypothetical. _B. diphtheria, illustrating the writer’s hypothesis 
of membrane rupture, devised to account for the snapping and subsequently achieved 
parallelism. 


Fig. 2. Semi-diagrammatic. B. typhosus, illustrating the definite fission (B), gradual 
slipping aside of proximal ends (C—D) and subsequent parallelism (EK, F), character- 
istic of this and some other species. This method is illustrated here to serve as 
a contrast to the snapping of B. diphtheria. 


Fig. 3. B. diphtheria, illustrating development of a rod (A) into four daughter cells (G); 
(D) became (G) in 45 minutes. 


Fig. 4 illustrates branching by apparent budding. The form (A) gave rise to nine daughter 
cells (H), of which eight were derived by the ordinary processes of fission, accompanied 
by ordinary post-fission movements, The ninth and largest cell arose as shown (A-D), 
by gradual enlargement of the original branch. At (E) the branch ‘“ snapped” 
suddenly to one side on its stem (12); became faint, losing its density and plump- 
ness (F-H). Time relations: A to B=37 min. ; B-C=32 min.; C-D=16 min.; 
D-E=8 min. ; E-F=62 min. ; F-G=37 min.; G-H=38 min.; total AAH=3 hours 
and 50 minutes. 


Fig. 5. A, J-O show branching in the absence of metachromatic granules. G—H show 
metachromatic granules in the absence of branching and B—F metachromatic granules 
in combination with branching. Im fig. C a granule is situated at the base of 
a branch. This condition is more frequent than might be supposed from these 
plates. 


The genealogical relationship of the new cells in figures 3 and 4 are indicated by a 
modification of Ricard’s system for culture record (B. R. Ricard, A system of recording 
cultures of bacteria genealogically for laboratory purposes, 30th Annual Report of the 
Health Department of the City of Boston, 1907, p. 75). 
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asiaticw, as well as B, xerosis and. B. pseudodiphtherie. They found 
snapping to occur only in the last two species and B. diphtheriw and 
believe that snapping movements distinguish this group on the one hand 
from “typical bacilli” on the other. 


Branching Diphtheria Bacilli. 

Branching specimens of diphtheria bacilli have been met with 
in cultures and recorded by many observers, and Kanthack (12. Ix. 
1896) gives a short review of the observations made on this point 
up to 1896. 

The principal hypotheses put forward in regard to branching are as 
follows :— 

(1) That the branching is only apparent, and due to the accidental 
apposition of bacilli. The observations of Hill (1899, 1900 and 1902), 
Abbott and Gildersleeve (1903) and others have proved, however, that 
true branching does occur. 

(2) That the bacillus pushes out a portion of its protoplasm which 
may constrict off or branch further without division (Pl. X, fig. 4). 
The researches of Hill (1902) prove that this form of branching 
occurs. 

(3) That the bacilli are’really made up of several individuals and 
that branching occurs when one grows out of the axial line. One of 
Hill’s (1902, Pl. I, fig. 8) figures lends some support to this view. 

(4) That branching is connected in some undefined way with the 
polar bodies. (See Pl. X, fig. 5C.) Babes (1895, Pl. X, fig. 3 A) 
pointed out that branches sometimes originate at points in the bacilli 
marked by polar bodies. Abbott and Gildersleeve (1903, p. 275), noticed 
that buds were often given off from points in the cells that were marked 
by the presence of irregular darkly stained masses, not the polar bodies. 

(5) That branching is merely an exaggeration of the normal 
nodosities. Hill (1901) has shown that in many cases of branching this 
is the case. 

(6) That branching is a degenerative change consequent upon 
growth under unfavourable environment. 

As a result of his studies on hanging block and stained preparations 
Hill (1902) thinks that the following conclusions are justified in regard 
to branching :— 

(1) Branching is not an accidental optical illusion. 


1 Branched forms with polar bodies are shown in Pl. X, fig. 5, A-F, and similar 
forms without polar bodies in fig. 5, 1-O. 
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(2) Passive degenerative changes may give rise to slight irregular 
changes which simulate branches (Hill, 1902, Pl. I, fig. 7). 

(3) Asa part of the active development of the diphtheria bacillus, 
active branching by apparent budding, ending in the protrusion of an 
oval or elliptical body probably itself capable of further development 
and the production of new rods, may occur in young cultures, the parent 
stem then degenerating (Pl. X, fig. 4). 

(4) Asa part of the active development of the diphtheria bacillus, 
branching similar to that described, but terminating in an ordinary 
diphtheria rod-like body, without any degeneration of the parent stem 
at the point of origin, may occur on serum or agar within 17 hours, 
and this new rod may segment in the ordinary way or itself produce 
branches terminating in rods similar to itself, or in oval bodies such 
as above described (Pl. X, fig. 5, A—F, I—O). 

(5) Various modifications of the processes described may exist. 

The conditions under which branching occurs have been carefully 
observed by Abbott and Gildersleeve (1903). They find that it is not 
constant on any of the standard media, on which only a few of the 
organisms at any time show it. It is seldom observed on agar, potato, 
or broth. The presence or absence of oxygen does not affect it. They 
were unable to find any method which regularly ensures evidence 
of branching except in a very small proportion of the cells in a culture. 
Branching was most frequently obtained by these observers by cultiva- 
tion at 37—88° C., on a solidified mixture of three parts of thoroughly 
beaten whole egg and one part of peptone broth containing 2 7/ of 
glucose. On this medium, when slightly alkaline, 10 strains of virulent 
diphtheria bacilli grew well, and in nine of these branching was fairly 
frequently seen. When the medium was made acid, branching was 
more frequently seen together with degeneration of the cells in the 
culture. 

From the alkaline medium one branching form was met with in 
every three or four cover-glasses, whereas from the acid medium about 
every cover-glass contained one. 

Hill (1900) investigated the frequency of branching forms in 648 
positive cultures from cases of diphtheria and found them in 64 (10 7%). 
He (1899) is convinced from his researches that at least 507% of 
diphtheria cultures contain a few branching diphtheria bacilli. 

Bernheim and Folger (1896) remark that they have occasionally 
encountered membranes rich in branching forms, but from these 
membranes they were unable to obtain colonies on serum. 
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As a result of their experiments Abbott and Gildersleeve agree with 
Migula (1900) and regard branching as evidence of degeneration and 
think the phenomenon of branching does not warrant diphtheria bacilli 
being classified with the hyphomycetes in which group they have been 
placed on this account by Lehmann and Neumann (1896). 

With the view of determining if, in the course of development 
under the conditions found to be most favourable for branching, any 
evidence of a relation between the branched cells and true mycelial 
formation could be detected Abbott and Gildersleeve (1903) made 
various experiments. Cultures of the strains which were found to be 
most prone to branching were evenly distributed over solidified slightly 
acid egg albumen mixture in a Petri dish and incubated at 37°C. 
Impression preparations were made at the end of every two hours. 
They failed however to detect any suggestion of mycelial formation. 

In this connection mention must be made of the following observations. 
Spirig (1899) states that if cultures of diphtheria bacilli be left for long periods 
colonies may rarely be found with a chalky appearance. Preparations from such 
colonies show not only club-shaped bacilli but thread-like and coccus-like forms, 
which are reproduced on subcultivation. These organisms are non-virulent. 
Concetti observed (1901) in a mild case of diphtheria organisms which possessed 
both diphtheria-like and long streptothrix-like forms. In neither instance can 
contamination with a slow-growing streptothrix be excluded. 

Cache’s (1901) experiments on this subject are more convincing than those which 
have just been quoted. <A culture of the diphtheria bacillus made on Ouchinsky’s 
mineral solution after some months growth showed a yellowish membrane, which 
consisted of ramified and interlaced mycelium including refractive granules. 
Subcultures showed similar growth, but transplantations on agar and gelatin after a 
few generations showed typical diphtheria bacilli capable of killing guinea-pigs 
within 40 hours, and of producing toxin, 


Spores. 
Diphtheria bacilli do not form spores under any known conditions, 


though at one time it was considered that the polar bodies might in 
some way be connected with spore formation. 


Reaction to Staining Agents. 


Diphtheria bacilli take up the basic aniline dyes with great readiness, 
The staining reagent generally employed for diagnostic work is Loefler’s 
methylene blue solution, which consists of 

Saturated solution of methylene blue in alcohol vis er RO Oe 
Solution of potassium hydrate in distilled water (1—10,000) 100 cc. 
Fixed films may be stained by the application of this solution for 


140 The Diphtheria Bacillus 


five minutes or longer in the cold. They are then washed in water, 
dried, and mounted in Canada balsam. 

Stained by this means diphtheria bacilli show the irregularities 
of colouration already described, some showing marked segmentation, 
others a beaded appearance, while others are uniformly stained. In 
most cultures the majority of the diphtheria bacilli exhibit round or 
oval bodies clearly distinguishable owing to their dark violet-red colour. 
Not infrequently these bodies produce distinct swellings in the 
organisms, and sometimes one seems to occupy the whole of the dilated 
extremity of a bacillus. These bodies have been termed metachromatic 
granules, Babes Ernst corpuscles, or polar bodies, by various authors and 
are also known by several other names. They are usually situated near 
the ends of the bacilli and are generally surrounded by less darkly 
stained areas of protoplasm. One or more are, however, not infrequently 
to be found in the central portions. Throughout this section they are 
termed polar bodies. Special staining methods have been described, 
such as Neisser’s method, for more clearly differentiating the polar 
bodies. Their relations to temperature, the age of the culture and its 
virulence are discussed under the description of Neisser’s method. 

The appearance of specimens stained by LoefHer’s method are best 
appreciated by reference to Plates VII and VIII. 

Cobbett and Phillips (1896) originally described a method by which 
films made from cultures may be stained and mounted in a dilute 
solution of Loeffler’s methylene blue. 

This method was very largely employed in his later work by 
Cobbett (1901) and the writer has found it to be extremely convenient, 
easy and reliable for diagnosis. The process consists in making on a 
cover-glass smears from the colonies on the culture medium. The top 
of a colony is touched with a platinum needle, and the point is then 
dipped into water and drawn across the cover-glass. The film thus 
made is allowed to dry and is then placed film side down on a glass slide 
on which has been placed a drop of dilute Loeftler’s methylene blue (1: 5). 
The specimen is almost immediately firmly pressed down on filter-paper 
with the cover-glass downwards, with the result that the excess of stain 
is forced from under the cover-glass and absorbed by the filter-paper. 
Immersion oil is then placed on the cover-glass, and the preparation 
thus mounted in a small quantity of the staining fluid is examined. If 
the films are properly prepared no bubbles are found under the cover- 
glass and the organisms take up the stain and appear to lie in a clear 
fluid. The segments or more obvious portions of protoplasm are stained 
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dark blue, and the presence of polar bodies is indicated by darkly 
stained, almost black, granules. (See also, p. 144, and Pl. VI.) 

Gram’s method. According to some authors diphtheria bacilli 
retain the stain by Gram’s method and according to others they do not. 
This no doubt may be explained by the fact that the bacillus will not, 
as a rule, withstand a prolonged action of the decolourising fluid. 
Under the ordinary conditions of staining by Gram’s method the 
bacillus certainly retains the dye. i 

Nicolle’s method (1895), a modification of the above, has been 
extensively used by Woodhead (1896) and other observers. The 
staining fluid consists of 10 c.c. of a saturated solution of gentian violet 
added to 100 cc. of a 1% solution of carbolic acid. The fixed 
preparation is stained for five seconds and is passed directly into iodine 
solution (iodine 1 gram, potassium iodide 2 grams, distilled water 
200 c.c.), where it remains five seconds. After this it is decolourised by 
being passed rapidly through a mixture of one volume of acetone with 
four volumes of absolute alcohol. This treatment removes all unfixed 
stain almost instantly. The specimen is then dehydrated in xylol and 
mounted in balsam. 

The bacilli also stain well by the Rouw and Cladius methods. 


Special Staining Methods for differentiating the Polar Bodies. 


The method most commonly used for differentiating the polar bodies 
is that introduced by Nevsser (1896) in which two solutions are used. 


No. 1. Methylene blue (Griibler) 1 gram dissolved in alcohol 


(96%) Ley. | a3 spa. PANES 
Distilled water iS ro meu tt Jo0 «cc! 
Glacial acetic acid ... Le ToMeoO Ce. 
No. 2. Bismark brown ath ty is 2 grams. 
Boiling distilled water ey pe LOO07E.c: 


The films are usually placed in solution No. 1 for one to three seconds, 
washed in water and placed for three to five seconds in No. 2, but 
considerably longer periods may be used with advantage especially with 
solution No. 2. The polar bodies of the bacilli are stained a dark blue, 
almost black, colour, and the protoplasm brown. PI. XI, fig. 3 shows 
the characteristic features of a diphtheria preparation from a young 
serum culture stained by Neisser’s method. 

According to Denny (1903) polar granules are first seen as very 
minute objects after eight hours’ growth, but do not become abundant 
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until the cultures have been growing about 15 hours. Neisser (1896) 
thought that they were characteristic of the diphtheria bacillus provided 
that cultures on Loeffler’s serum were used and examined after 9 to 
24 hours’ incubation at 34—35°C. Even under these conditions, 
however, Hofmann’s bacillus occasionally shows a few small and 
irregular polar bodies and some other organisms also exhibit them. 
The teinperature at which the cultures are- incubated has a marked 
influence on the appearance of the polar bodies. Even after 48 hours’ 
growth at 19—21°C. they are very few (Denny, 1903). According to 
Neisser they are most frequently produced in cultures incubated 
between 34—36° C., but cultures growing at 37° C. also show them well. 
When cultures are incubated above this temperature the polar bodies 
may fail to appear (Neisser) or their appearance may only be delayed 


(Denny). 


PLATE XI. 


Fig. 1. Smear preparation from the throat in a case of diphtheria showing B. diphtheria, 
a few diplococci and cells. x1000. (Photograph by Dr James Ritchie.) 


Fig. 2. Groups of diphtheria bacilli in a section of membrane stained by Weigert’s 
method. «x 600 (Orig.). 


Fig. 3. A preparation from a pure culture of B. diphtherie after 24 hours’ incubation 
stained by Neisser’s method. Zeiss ;, Obj. Oc. 4. Drawn with the aid of a camera 
lucida. (Orig.). 


Fig. 4. A preparation from the same culture as the last figure stained by Neisser’s method 
after 48 hours’ incubation to show the increase in the number and size of the dark 
staining areas. Zeiss 4, Obj. Oc. 4. Drawn with the aid of a camera lucida. (Orig. ) 


In cultures 36 to 48 hours old many of the polar bodies are much 
enlarged and occupy a large part of the club-like dilations of the cells 
which have themselves become swollen. Some of these enlarged polar 
bodies are round, others oval and some elongated. Polar bodies only 
slightly enlarged and also others of the same size and shape as met with 
in younger cultures are also very common. In these old cultures the 
polar bodies appear to be increased in number as well as in size, so that 
several are often found in one bacillus. 

Plate XI, fig. 4 shows the appearances seen in a film stained by 
Neisser’s method from the same culture as Plate XI, fig. 3 after 24 
hours’ further growth. 

Gossage (1896) made numerous experiments with media, to which 
glycerine had been added, and considered that the polar granules were 
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rendered more conspicuous by the addition of glycerine to the serum. 
Kanthack (22. VIII. 1896), however, denied that this was the case. 

At one time it was frequently stated that the presence of polar 
bodies in diphtheria bacilli in cultures examined after 18—24 hours’ 
growth at 36—37° C. indicated that the bacilli were virulent and that 
the absence of polar bodies indicated a lack of virulence. It has, 
however, since been. proved by the observations of numerous workers 
that such is not the case. A certain proportion of diphtheria bacilli 
virulent for guinea-pigs show no polar bodies, and many non-virulent 
bacilli show well-marked polar bodies. 

Reichenbach (1899), for example, found fully virulent bacilli without 
polar bodies and Park (1900) states that in his hands, with a very large 
experience, neither Neisser’s stain nor its modifications have given 
any information as to the virulence of the bacilli. Of the 88 virulent 
diphtheria bacilli discovered by the writer (Graham-Smith, 1904, p. 277) 
in one epidemic 43°1 / showed well marked, 30°7 %/ small and poor, and 
261% no polar bodies; and of the 25 totally non-virulent diphtheria 
bacilli 88 % showed well marked, 8 °/ small, and 4°/ no polar bodies. 
Schumberg (1902) concluded that there was no relation between the 
gravity of the disease in man and the presence of polar bodies. 

Although Neisser’s method is the one which has been most 
commonly used for differentiating the polar bodies, numerous other 
methods, some of them modifications of it, have been advocated for 
demonstrating their presence. 

In all cases the films are, unless otherwise stated, fixed in the 
ordinary way and, after staining, washed in water, dried, and mounted in 
Canada balsam. 

Crouch (1896) advocated the use of the following mixture :— 


1% Dahlia 1 part. 
1°/ Methyl green 5 parts. 
Water 4 parts. 


The films are placed in the mixture and almost instantly become 
sufficiently stained. The polar bodies are stained red. 

Coles (1899) failed to obtain good results by Neisser’s method 
but stated that constant results could be obtained in the following 
way :— 

(1) The films are stained in Neisser’s blue for 10—30 seconds. 
(2) They are then washed in water and placed in Gram’s iodine for 
30 seconds, (3) and finally again washed in water and placed in vesuvin 
(Bismark brown) for 10—30 seconds. 
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The bacilli are stained brown with blue granules. 

Bronstein (1900) first stained with a dahlia solution consisting 
of dahlia 1 part, alcohol (95 ye 20 parts, and glacial acetic acid 50 parts, 
for 30 seconds to one minute. After washing with distilled water 
the films are counterstained for 30 seconds with Bismark brown (1 %/). 
The bacilli are stained a brown colour and the polar bodies red. By 
this means he obtained 135 positive results out of 186 different 
specimens. 

Cobbett (1901) showed that after mounting and examining films 
from cultures in dilute Loeffler’s metho blue (1:5) the bacilli can be 
decolourised by running a drop of 5°/ acetic acid under the cover-glass. 
The polar bodies then show up as dark blue granules in the very 
pale blue bacilli. The writer has used this method in several hundred 
examinations and found it to be quick, reliable, and easy. 

Piorkowski (1901) recommended staining the preparations for 
30 seconds to one minute in aqueous methylene blue (warm), de- 
colourising with 1° acid alcohol, rinsing with water and counter- 
staining for five seconds with 1// watery eosin. The protoplasm is 
stained dark red and the polar bodies very dark blue. 

Schauffter (1902) stained films for one minute in the following 
mixture: 


. Loeffler’s methylene blue me ie Oe 
Pyronin (Griibler) 5 grams dissolved in 10 Ce. 08 

distilled water “if : stat hoc 
Hydrochloric acid (25'/) 3 cc. in Pabsoluce 

alcohol 97 c.c. ie 5 ak Dice 


The bacilli appear blue and the polar hedice ih 


Faliéres (1902) made use of a stain consisting of 


Methylene blue = Ae a2 2°0 grams. 
Borax BP: Ae i% mee Jip pwd 
Distilled water Ace sie ..- 100°0 ce. 
Absolute alcohol ... Pr ae 8 drops. 


After staining the films are washed and counterstained with vesuvin 
for 30 seconds. The polar bodies stain very darkly and are sharply 
defined in the brown bacilli. 

Ficker (1902) used methylene blue (Héchst) 1—10,000 to which 
2% of pure lactic acid had been added. He leaves the films in the 
stain for one minute. As in Cobbett’s method the polar bodies are 
darkly stained and the rest of the bacillus remains almost unstained 

De Rovaart (1902) stained the films for 1—14 minutes in warm 
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Loeffler’s methylene blue, washed in water and counterstained in 
vesuvin (1 °/) for 1—1} minutes. The bacilli are stained as in Neisser’s 
method. 

Peck (1903) stained the films for 3—4 minutes in Loeffler’s 
methylene blue, washed quickly in water and counterstained in 
‘2% vesuvin for 30 seconds. The bacilli are stained brown and the 
polar bodies blue. 

Pitfield (1903) made use of three solutions :— 


(a) Silver nitrate 5 parts. 
Saturated alcoholic fuchsin 5 ,, 
Distilled water Sie, 

(b) Pyrogallic acid 1 part. 
10 % caustic soda 5 parts. 
Distilled water LO oe. 

(c) Carbol fuchsin 10 drops. 
Distilled water 10 c.c. 


The films are first stained in solution (a) which is kept warm, then 
washed and placed in solution (6), and finally stained in solution (c) for 
two minutes. 

The bacilli are stained red and the polar bodies which take on 
a blackish colour are sharply defined. 

Neisser (1903) has recently made use of a modification of his 
original method. His solution, No. 1, is retained and a second solution 
is substituted for the original No. 2. 


Solution (2) Crystal violet (Hochst) 1 c.c. 
Alcohol LOIG.C, 
Distilled water 300 c.c. 


Solutions 1 and 2 are mixed in the proportion of two parts of the 
former to one of the latter, and films are stained in this mixture for one 
second, washed with chrysoidin (1°300 filtered) for three seconds, 
and then washed in water. 

Andrade (1904) stains in a mixture of Borrel blue 1 cc. and 
vesuvin -(1 in 100,000) 50 c.c. for five seconds, washes with distilled 
water and places in Lugol’s iodine solution for one minute, again washes 
in distilled water and decolourises with absolute alcoho] till all the blue 
has come out, which will do so. The films are finally washed in 
distilled water, and mounted. 

RD; 10 
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Pugh (1905) recommends the use of a mixture consisting of tolui- 
dine blue (Griibler) 1 gramme dissolved in 20 cc. of absolute alcohol 
added to 1000 c.c. of distilled water and 20 c.c. of glacial acetic acid. 
The mixture is applied for two minutes. The protoplasm of the bacilli 
is stained a faint blue and the polar bodies by artificial light a reddish 
purple. 

Higley (1905) has lately described a method for staining smears from 
membranes, which is only intended for the use of skilled laboratory 
workers when an immediate diagnosis is desirable. Two solutions 
are necessary which have to be freshly prepared. 

No. 1 consists of five drops of Kiihner’s carbolic methylene blue 
in 7 cc. of tap water, and No. 2 of 10 drops of carbol fuchsin in 
7 cc. of tap water. 

No. 1 is applied for five seconds (not longer). The film is then 
washed, dried with filter-paper, and placed in solution No. 2 for 45 
to 60 seconds and again washed. The diphtheria bacilli are stained 
a dark red or violet. He states that the bacilli are distinguished by 
their irregular staining, uneven contour, and the presence of blue 
polar bodies in some of them. 

Ljubinsky (1905) made use of a solution consisting of 


Pyoktannin (Merck.) ... ae ‘25 grams. 
Acetic acid (577) —... ... 1000 cc. 


Films are stained for 30 seconds to one minute, washed and counter- 
stained with Ly vesuvin for 30 seconds. The bacilli are stained violet, 
the polar bodies a very dark blue, and appear very large and distinct. 

Epstein (1906) used the following method. He stains the fixed 
film in 

1. Either 1% pyronin solution or Loeffler’s methylene blue for 30 
seconds. 

2. Rinses in tap water. 

3. Treats with Gram’s iodine for 10 seconds. 

4, Rinses in tap water, and dries. 

No counter stain is required. When pyronin is used the polar 
bodies are large, dark and brick red, and the bacilli light red. When 
Loefiler’s blue is used the polar bodies are greenish black, and the bacilli 
greenish. 

Loeffler (1907) has recently described a new method which he 
considers to be the best for demonstrating the polar bodies. Three 
solutions are used: 
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A. Aqueous solution of Borax (2°5 /) and methylene blue (1%) 4 pts. 


Unna’s Polychrome methylene blue (Griibler) .................. 1 pt. 
B. Kosine A. G. extra (Hochst) ‘05% aqueous solution 
C. Tropacolin O. O. aqueous solution........s.ccccsessssecceeeeeeeses 5 pts. 
(EIS NEG Seo pple iN a it ast ole ni pa rae ange RRO HR ‘5 pt. 
rte Ne ects clon encase foes mes tgubas esse ct csccaeeksdsntes setae 100 pts. 


The film is stained for one minute in a mixture of equal quantities 
of A and B and then dipped in C and washed with water. The 
bacilli are pale and the polar bodies dark blue. 

Blumenthal and Lipskerow (1905) have recently made numerous 
comparative experiments on preparations from cultures and membranes 
with the methods devised by Neisser, Crouch, Bronstein, Coles, Pior- 
kowski, Pitfield, de Rovaart, Faliéres, Schauffter, Ficker, Peck, and 
Ljubinsky. They regard Faliéres’ and Ljubinsky’s methods as the 
most satisfactory, both on account of the sharp definition, size, and 
deep staining of the polar granules, and of the clearness with which 
the bodies of the bacilli are outlined. 


Special Staining for Demonstrating the Capsules. 


Boni (1900) recommends the following method for demonstrating 
the presence of capsules in diphtheria bacilli. 

A fluid is prepared consisting of the white of one egg, 50 c.c. of 
glycerine, and two drops of formalin. The whole is shaken up and 
filtered. A small drop of this fluid is placed on a cover slip and 
mixed with diphtheria bacilli from a culture. The preparation is 
then allowed to dry and stained with Ziehl’s carbol fuchsin for 
20—30 seconds, rinsed with water, and dried. It is then stained 
with Loeftler’s methylene blue for four to six minutes, rinsed with 
water, dried and mounted in balsam. The ground is then stained 
red, and the bacilli blue, with a clear capsule round them. Prepa- 
rations made in this way certainly show the appearance described 
by Boni. 

Feinberg (1900) stained diphtheria. bacilli by Romanowski’s stain 
and various modifications of it. The bacilli stained a bluish colour, 
and some showed within them two or three red dots, and others large 
red masses with a clear network in the middle. Feinberg seemed to 
regard these as nuclei. 

The advantages and disadvantages of some of the most commonly 
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used stains in the bacteriological diagnosis of diphtheria will be dis- 
cussed in Chapter X. 


PLATE: XIT. 
Fig. 1. Photograph of a culture of B, diphtheriae after 48 hours’ growth on alkaline 
serum. (Orig.) 


Fig. 2. Three serum cultures each inoculated with approximately zyp4575 ¢.¢. of mucus 
from the throat of a patient suffering from diphtheria. The cultures have been 
incubated for four days at 37°C. The raised well-defined colonies present in each 
case are colonies of B. diphtheriae. (From Gordon 1903, Pl. VI. fig. 1.) 


Fig. 3. Colonies of B. diphtheriae after several days’ growth on alkaline serum at 37° C. 
(Orig.) 

Fig. 4. Colony of B. diphtheriae (type a) after 2 days’ incubation at 37°C. on agar, 
highly magnified. (Orig.) 


Fig. 5. An agar culture inoculated with a dilution of the nasal discharge of acute coryza 
and incubated for 4 days at 37°C. The large colonies are formed by a coccus and by 
Hofmann’s bacillus. The minute colonies, in the majority, are colonies of B. coryzae 
segmentosus. (From Gordon, 1903, Pl. VI. fig. 2.) 


The diphtheria bacillus is non-motile and does not possess flagella. 


Cultivation on Artificial Media. 


The methods of procuring pure cultures, the advantages and disad- 
vantages of the various media and the differentiations of diphtheria-like 
organisms are given under the heading of “bacteriological diagnosis.” 
The characters of the growths and the morphology of the bacilli in 
pure culture are alone dealt with in this section. 


Solid media made from serum or serous exudates. 


Owing to their selective action in favouring the rapid growth of 
diphtheria bacilli and retarding that of most other organisms, some of 
the media made from serum or serous exudates are first described. 


Loeffler’s serum. 


The medium known as Loeffler’s serum medium is that which has 
been most extensively used in the cultivation of diphtheria bacilli, 
and many observers unhesitatingly state that it is far superior to 
any other. The medium is made by adding three parts of ox, or 
horse, or other serum, to one part of neutral broth containing 
1% of grape sugar, 1°/ of peptone and Bip, of salt. The whole is 
rendered slightly alkaline and the mixture is solidified in sloping tubes 
in a Koch’s sterilizer, and subsequently sterilized in steam at about 
90°C. The medium may also be first sterilized at a low temperature, 
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60—66" C. in steam on six consecutive days, and subsequently solidified. 
The resulting solid medium is of a whitish colour, opaque in the thicker 
parts, and gradually becoming clearer until it is almost transparent 
in the thinner parts of the slope. On this medium diphtheria bacilli 
grow very rapidly at temperatures between 35—37° C. and minute but 
distinct colonies may often be seen after 12 hours’ growth. After 18—24 
hours’ incubation diphtheria bacilli produce rounded, elevated, moderately 
translucent, grayish-white colonies, with a slight yellowish tinge. This 
yellowish tinge, although very generally present, is slight. The colonies 
have a moist, shiny, smooth surface, and distinct or only shghtly 
irregular margins. By transmitted light the centre owing to its greater 
thickness is opaque. When the colonies are few and separate they may 
grow to a considerable size in this time, but when numerous and close 
together they remain small; They are almost invariably discrete with 
distinct intervals between them. 

In older cultures the colonies become more flattened, and their 
central opacity becomes more marked. They lose their moist shiny 
appearance and become dull, and the surface may become marked, 
especially round the opaque centre, by very slight irregular, concentric 
depressions or lines, indicating irregularities in the rate of growth. Not 
infrequently at this stage radial striation may also be seen, which may 
extend from the centre to the periphery. The margins no longer 
remain round but become slightly irregular, and finally crenated. The 
crenation of the margin is said to be due to the formation of fresh 
centres of rapid growth, which partially separate themselves from the 
original colony. This occasionally gives rise to an appearance as if a 
half, or a portion, of another colony was fused with the first (Pl. XII, 
fig. 2). Growth is very rapid for some hours after the colonies have 
become visible but gradually becomes less rapid after 36 hours. On 
somewhat old serum when the surface is dry, growth is impeded, and 
may not be rapid at any period. 

In stroke cultures a gray streak is formed along the needle track. 
Subsequently growth takes place slowly in a lateral direction, but 
rapidly along the streak especially towards its lower end. Consequently 
a thickened raised band is formed down the centre thinning off laterally, 
The margins are sharply defined and distinctly crenated. At its upper 
end the streak thins off into isolated colonies with the characters 
described above. Owing to the fact that in this thinner portion the 
medium is always drier, these discrete colonies never attain large 
dimensions. Growth takes place between 22°C. and 40° C., but is most 
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pronounced between 35° C.—37°C. The morphology and staining 
reactions on this medium are those which have already been described. 


Transparent Serum Media. 


Lorrain Smith (1894) proposed a serum medium made by adding 
‘1—15 Y of caustic soda to ox serum and heating the mixture to 120° C. 
in the autoclave. By this means a transparent jelly was obtained. 
Cobbett (1898) used a modification of this medium, and later worked with 
a solidified serum medium made in the following way. To every 100c.c. of 
ox or horse serum about lec. of a 10° solution of caustic soda is 
added. After thorough mixing 17% of glucose is added and tubes 
containing about 5 c.c. of the fluid are solidified and sterilized in a 
sloping position in steam at a temperature of 87°C.?. The resulting 
medium is of a slightly yellowish colour, depending on the amount of 
colouring matter present in the serum, and quite transparent. The 
colonies of the diphtheria bacillus on this medium are similar to those 
produced on Loeffler’s serum, but in their early stages are translucent 
and not so gray. Their subsequent growth is similar, but the yellow 
tinge is often more marked. (PI. XII, figs. 1 and 3.) 

Kanthack and Stephens’ serum agar. In 1896 these authors 
described a medium made in the following manner. 

To every 100c.c. of serous exudation (pleuritic or ascitic) derived 
from human subjects 2 c.c. of a 10 / solution of caustic potash is added 
and subsequently 1:5—2 / of agar (previously soaked in acidulated water 
and washed), The mixture is then boiled and filtered through a hot 
funnel and 4—5 Y of glycerin is added to it. It is then poured into 
test tubes and sterilized. The authors say that 2'/ of glucose may be 
added, but state that this does not appear to improve the medium. 
After sterilization the medium is firm and clear. In making this 
medium certain precautions are necessary. A small quantity of the 

1 The precise amount of caustic soda solution which it is necessary to add has to be 
determined by a trial, but according to the writer’s experience of many thousand tubes of 
this medium 1°/, is nearly always the quantity necessary. If too much soda is added the 
medium is very transparent but soft, and if too little, not so transparent, but very firm. 
The trial is conducted by taking about 5 c.c. of the serum with 1 °/) of soda solution added 
and heating in a small steam sterilizer in a sloping position. More serum or more alkali 
is added according to the result. 

2 Cobbett has shown that this temperature can easily be obtained by passing steam 
from an autoclave through a Bunsen burner into a closed box containing the tubes in 
a sloping position. When the requisite temperature has been reached, air is allowed to 
pass in with the steam by adjusting the collar of the burner to such an extent as to 
maintain a constant temperature, 
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exudate should be boiled in a test tube. If it becomes practically solid, 
owing to the presence of much albumen, it should be diluted to twice 
its bulk with distilled water. If this is not done the medium becomes 
gelatinous and useless. The morphology and cultural characters of the 
bacilli are much the same as on Loeftler’s serum. 

Hayward (1895) has suggested a medium made by catching hydro- 
cele fluid in sterile flasks, decanting into test tubes, and sterilizing at 
55° C. for three successive days. In the intervals itis kept at 37°C. The 
tubes are finally slanted and solidified in hot air at 68°C. The bacilli 
grow in white colonies and retain their usual morphological characters. 

White (1895) also employed hydrocele fluid for the preparation of a 
transparent medium. He added ‘07% of a 10 / solution of caustic soda 
and sterilized and slanted in the autoclave at 120° C. for 10 minutes. 

Horse or ox serwm solidified in a Koch’s sterilizer and subse- 
quently sterilized in steam at 90°C., or first sterilized at a low 
temperature and later solidified, forms a medium on which diphtheria 
bacilli grow well with their usual characteristics. 

Several other media containing serum, some of them with com- 
plicated methods, have been proposed, but have not been extensively 
used, 

Nutrient agar. Nutrient agar forms a good medium for the 
diphtheria bacillus, but the growth is not so abundant as on Loeftler’s 
serum. After 24 hours’ incubation the colonies are usually still small. 
The colonies to be found on agar are of two types, though in their 
growth on other media and their pathogenic action on animals the 
strains of diphtheria bacilli which give rise to them are indistinguishable. 
One of these types (a) is small, gray or grayish white, almost translucent, 
rounded, and slightly raised, with a more or less granular surface and 
dark centre. Sometimes the margins are nearly circular, at other times 
slightly irregular, or more rarely markedly irregular shading off into a 
delicate lace-like fringe (Pl. XII, fig. 4). The other type (0) of colony, 
which is less common, is decidedly larger and more luxuriant. It is 
white, raised, and rounded, with a slightly granular or nearly smooth 
somewhat moist-looking surface. ‘The culture has the same appearance 
as that shown on Pl. XII, fig. 1. Growth is often very feeble on agar 
when the bacilli are freshly obtained from the pseudo-membrane, but 
becomes more luxuriant after a few transplantations, when the organisms 
have become accustomed to it. In some cases even after several days’ 
growth the colonies do not become much enlarged, but in others they 
grow to a considerable size and exhibit the characters of the colonies on 
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old serum cultures. In stab cultures growth occurs to the bottom of the 
line of inoculation as a gray line or as a series of small discrete colonies. 
Surface growth occurs either in the form of a central white mass with 
a thin surrounding expansion, or a white smooth dome-shaped mass. 
In stroke cultures a continuous layer of dull whitish colour is formed, 
the margins generally showing isolated colonies. 

Morphology. In very young agar cultures the bacilli are usually 
somewhat shorter than on serum, but present otherwise the same mor- 
phological characters. In slightly older cultures they are not infrequently 
very long and very markedly segmented. Polar bodies are frequently 
absent. Involution forms become common sooner than on serum. 

Glycerine agar. Glycerine agar has been very extensively used as a 
culture medium for diphtheria bacilli. Various proportions of glycerine 
between 2% and 8 / have been added by various workers. Gossage 
(1896) observed the effects of glycerine! in glycerinated agar cultures 
made direct from the throat varying the percentage of glycerine between 
6% and 18%. He found that as the proportion of glycerine increased 
the cultures became less impure, owing to the fact that the growth of 
the ordinary throat organisms was more impeded by the glycerine than 
that of the diphtheria bacillus. With 6 / of glycerine added the growth 
was much the same as on serum. With high proportions of glycerine, 
however, the growth of the diphtheria bacilli was slow. The characters 
of the colonies on glycerine agar are much the same as upon nutrient 
agar, the majority being of type (a). The morphology of the bacilli on 
glycerine agar is the same as on nutrient agar, 


Joos (1896) recommended a medium made of neutral peptone broth 1000c.c., 
albuminate of soda 20 grams, and agar 20 grams, rendered alkaline by the 
addition of 15%) of normal caustic soda. He states that on this medium 
diphtheria bacilli produce good colonies in 15 hours. 

Schloffer (1893) used a medium consisting of broth containing 2°/, agar 2 parts, 
and sterile urine 1 part. The bacilli are stated to be rather short and to show very 
few degeneration forms on this medium. 

Capaldi (1896) considered egg agar to be an excellent diagnostic medium, 
colonies developing in 16 hours. Ordinary agar in tubes is melted and cooled to 45° C. 
and to each tube 3 or 4 loopfuls of sterile yolk of egg is added and mixed with the 
agar. The egg agar is allowed to set in a slope. 


Gelatin. On gelatin the diphtheria bacillus grows at a temperature 
of 22° C.—24°C. or a little lower. Growth is slow and the gelatin is 
never liquefied. The appearance of most of the colonies is the same as 
that of the colonies on serum, and they undergo the same changes on 


1 For the effects of glycerine on the formation of polar bodies see page 142. 


G. 8S. GRAHAM-SMITH 153 


prolonged cultivation. The colonies soon become dull and lose their 
shiny appearance. Cobbett and Phillips (1896), who made very careful 
observations on the appearance of the colonies, describe them as follows: 
“The colonies of the virulent diphtheria bacilli were of two types, 
which for the sake of convenience may be termed large and small. The 
large colonies were for the most part of a whitish colour, with a raised 
centre and margin, separated by a circular depression. The outline was 
circular and showed little or no indentation, and only slight radial stria- 
tion. More rarely the colonies were flatter and thinner, and were definitely 
divided by a number of radial fissures so that they exactly resembled 
the daisy-shaped colonies which have been described as occurring on 
serum. The small colonies were extremely minute. With a lens they 
were seen to be thin and of the daisy shape.” Both kinds may occur in 
one culture. In stab cultures a line of small colonies is formed along 
the needle track, whilst on the surface a small whitish disc is produced 
somewhat thicker at the centre. 

Morphology. The bacilli show the same morphological and staining 
characters as those from serum cultures, except that the polar bodies 
are less prominent and fewer in number. 

Potato. Many of the earlier writers state that growth does not 
occur on potato. On this medium however, especially when the surface 
is made slightly alkaline, a fairly abundant growth occurs, but can only 
be seen with difficulty. Growth also occurs on potato steamed without 
any preliminary treatment. Frequently it is entirely invisible, or may 
be only indicated by a dry, thin, glaze after some days’ incubation. 
More rarely a perceptible whitish growth occurs, or one with a very 
slightly yellowish tinge. This character of almost invisible growth 
separates the diphtheria bacillus from several other bacilli morphologi- 
cally resembling it. 

Microscopical examination after 24 hours’ incubation at 37° C, reveals 
a tolerably abundant growth even when none is perceptible on the surface. 
Irregular enlarged forms are particularly numerous in potato cultures, 
and in general the rods are thicker than on other media. 

Alkaline bouillon (broth). Ordinary alkaline broth is a good and 
distinctive medium for the growth of diphtheria bacilli. Usually small 
whitish granules are formed at the bottom and along the sides of the 
tube and the medium remains clear without any cloudiness. Rarely a 
more or less diffuse cloudiness occurs, but the particles generally settle 
to the bottom in 48 hours or less. Sometimes a slight film forms on the 
surface of the broth. On shaking the tube this film breaks up and slowly 
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sinks to the bottom. A film or membrane is more apt to develop 
on the surface of cultures which have been grown for several generations 
in broth. According to Theobald Smith (1896) the presence of a 
membrane seems linked to an acidity less than 1:5 '/ to phenol-phthalein, 
i.e. an acidity which is neutral or alkaline to litmus. He states that a 
membrane is, according to his observations, almost proof positive that 
the acidity is below a certain limit. When only traces of muscle sugar 
are present a vigorous surface growth begins at once. He is inclined to 
attribute this to the reaction of the fluid and its action on the bacilli, 
which he explains from the following observations. According to 
Chittenden and Gies (Journ. of Exp. Med. 1896, 1. p. 186) mucin in 
acid solution sinks to the bottom, but when the fluid is neutralized the 
mucin swells and rises to the top. The outer envelope of most bacteria, 
according to Welch, appears to be composed of a substance which 
behaves like mucin during the process of staining. 

Morphology. In the earlier stages of their growth on broth the 
bacilli are usually slender and less segmented than on other media. 
But even at an early period irregular and enlarged forms are common, 
and typical involution forms make their appearance after 3 or 4 days’ 
growth. 

The products of the growth of the diphtheria bacillus in broth. In 
its growth the diphtheria bacillus splits the meat sugar contained in 
ordinary broth producing acid and thus changes the reaction of the 
medium, rendering it slightly less alkaline, or even slightly acid. After 
a variable time the reaction frequently again becomes alkaline. 

Roux and Yersin (1888, p. 629) were the first to observe these 
changes in reaction, and their observations have been confirmed by all 
subsequent investigators. 

Theobald Smith (18938, Wilder Quarter-century Bk. p. 224) first 
pointed out that if diphtheria bacilli be cultivated in broth free from 
muscle sugar or nearly so, the reaction remains alkaline from the start. 
Two years later Spronck (1895) independently came to the conclusion 
that when diphtheria bacilli are grown in broth free from muscle sugar 
the reaction remains alkaline, when small quantities of sugar are present 
the reaction becomes acid and later alkaline, but when much sugar is 
present the broth becomes acid and remains permanently acid. Since 
that time numerous observers have confirmed the results of these experi- 
ments, and have more fully investigated the effects of these changes. 

Theobald Smith (1897) tested numerous samples of broth made 
from beef, and found that the quantities of muscle sugar varied in 
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different samples from the same places at different times of the year. 
He usually found less present in the winter. 

Glucose broth. Theobald Smith (1896) working with broth con- 
taining very little sugar, as determined by the action of B. coli upon it, 
investigated the results of the addition of various quantities of glucose 
(dextrose) to the medium. The broth was sterilized in large test-tubes, 
which after inoculation with the bacilli were kept in an inclined 
position in the incubator. He found that the acid reaction promptly 
formed disappeared after a certain number of days when ‘1 to ‘125 °/ of 
dextrose was used, but when ‘2 v was added the cultures became acid 
and never recovered their alkaline reaction, The degree of acid in c.cs. 
of normal sodium hydrate required to reduce 100c.c. of broth to the 
neutral point of phenol-phthalein is shown in the accompanying chart 
(p. 156). With percentages of dextrose higher than ‘2% the curves 
closely follow one another. He also observed that the presence of 
sugar (dextrose) beyond ‘15'/ increases the acidity to such a degree 
that a cessation of the growth becomes manifest. Under the influence 
of the acid medium the bacilli settle to the bottom, coat the glass 
with a peculiar thin cloudy deposit, not easily removed by shaking, 
and the growth thereby comes to a premature close. 

Hellstrém (14. 1. 1899) in his investigations recorded the reaction 
and the number of the bacilli in broth cultures to which varying 
quantities of glucose had been added. He found that as the acidity 
increased the growth was retarded and the number became less and less, 
till finally the culture died, when the acidity reached — 2'5. His figures 
are given in the following table :— 
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From his figures it is seen that in ordinary broth, to which no 
glucose had been added, but little change in reaction occurred, and the 
bacilli increased in numbers up to 30 hours and subsequently diminished, 
until after 21 days’ growth their number was about the same as at the 
start. The addition of ‘1% of glucose caused a gradual increase in 
acidity. The number of bacilli increased up to 30 hours and then 
gradually diminished. The addition of 3°/ caused a rapid increase 
in acid and the death of the culture in five days. 

Cobbett (1897) confirmed the general conclusions of these observers, 
but states that contrary to the case of B. coli and other bacteria the 
diphtheria bacillus is not destroyed by the formation of acid in glucose 
broth, for cultures can be obtained after months. 

Almost all workers who have investigated the changes of reaction 
in broth due to the growth of diphtheria bacilli have used either litmus 
or phenol-phthalein as indicators. Bronstein and Griinblatt (1902) 
have recently recommended another method. Their reagent consists of 

(1) 2c. of indigocarmine in 100 c.c. of distilled water. 

(2) 10 cc. of acid fuchsin in 100 cc. of 1% caustic soda. 
Before use two parts of No. 1 are added to one part of No. 2 and 
22 parts of water. Some of this mixture is added to the broth before 
it is placed in test-tubes. Control tubes remain blue, but tubes con- 
taining diphtheria bacilli turn a ruby-red colour. 


The Action of the Diphtheria Bacillus on Various Sugars and 
Carbo-hydrates. 


Although all investigators are agreed that the diphtheria bacillus 
acts powerfully on glucose and produces acid, the few observations 
which have been made on its action on other sugars and carbo-hydrates 
are not all in agreement. Although little attention has been paid to 
it, this subject is one which may turn out to be of considerable im- 
portance in aiding in the differentiation of the various diphtheria-like 
organisms from one another and from the diphtheria bacillus. 

L. Martin (1898) states that the diphtheria bacillus produces acid 
from glucose, galactose, laevulose, glycerine and saccharose, but not 
from lactose, maltose, raffinose, arabinose, dulcite or mannite. The 
careful experiments of Theobald Smith (1896), however, show that 
neither lactose nor saccharose is acted on, and most other writers, 
who have mentioned the subject, agree that acid is not produced from 
saccharose. Blumenthal disagrees with both these writers in stating 
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that lactose is split up by the diphtheria bacillus. More recently 
Knapp (1904), working with the serum-water medium of Hiss, has 
investigated the acid-forming power of 27 races of diphtheria bacilli. 
He finds that. when glucose, maltose, dextrine or mannite are present, 
the medium is coagulated and made acid, but that lactose and 
saccharose are not acted on. Hamilton and Horton (1906) found that 
all races of typical diphtheria bacilli produce acid in media to which 
dextrine has been added. The writer (Graham-Smith, 1906) has recently 
investigated the action of 23 races of typical diphtheria bacilli, both 
virulent and non-virulent, obtained from the throats of persons suffering 
from diphtheria, convalescents, and contacts, on 1 / solutions of glucose, 
galactose, laevulose, maltose, dextrine, glycerine, lactose, mannite, and 
saccharose in the serum-water medium of Hiss and in sugar-free broth. 
Neutral litmus was used as the indicator. Two sets of experiments were 
made with Hiss’s medium, one series being grown at 37° C. for three days, 
the other for ten days. The broth cultures were incubated for 48 hours. 
Acid was never produced in media containing saccharose or mannite. 
An acid reaction was invariably produced in media containing glucose, 
galactose, and ‘laevulose. In Hiss’s medium (10 days’ culture) every 
specimen produced acid with maltose, and all but one with glycerine, 
and all but two with dextrine. With lactose six showed a marked 
acid reaction, ten a slight acid reaction, and four no acid reaction, 
while in three the reaction was doubtful. Marked coagulation of the 
medium occurred in almost every tube containing glucose, galactose, 
laevulose, maltose, and dextrine, and in half the tubes containing 
glycerine and lactose. In the latter two media many of the tubes 
were only partly coagulated and in some the medium was only made 
more viscid or gelatinous. No change was noticed in tubes containing 
saccharose or mannite. In the series incubated for three days the 
acid reaction failed to appear in many of the tubes containing lactose 
and glycerine, and in some containing dextrine and maltose. In the 
broth cultures acid was always produced with glucose, galactose and 
dextrine, and sometimes with maltose, lactose and glycerine. 

The difference between the series grown on broth and on Hiss’s 
medium is probably due to the fact that some of the bacilli grew poorly 
on the former, but all grew well on the latter. This corresponds with 
the well-known facts that recently isolated diphtheria bacilli grow 
well on media containing serum, but often grow poorly at first in 
broth. In broth, therefore, the reaction only took place in the presence 
of those substances on which diphtheria bacilli act readily. 
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Table showing the action of diphtheria bacilli from different sources on 
various sugars and carbo-hydrates in the serum-water medium of Hiss 


and in broth. 
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These tests show that the diphtheria bacillus acts on glucose, 
galactose, laevulose, maltose, and dextrine, producing an acid reaction, 
and generally on glycerine and lactose if incubation is continued for 
10 days. Mannite and saccharose are not usually acted upon, 

More recently the writer has had the opportunity of testing a 
number of bacilli obtained from outbreaks in several villages in each of 
which there was probably a single source of infection. Under these 
conditions it seemed possible that the bacilli isolated from different 
individuals in the same locality might exhibit similar powers of acting on 
the various substances mentioned in the serum medium of Hiss. Sixteen 
strains were isolated from five small outbreaks and compared with 22 
bacilli from a larger outbreak. The change produced in the medium in 
each case was noted daily, and it was found that the degree and rate of 
coagulation varied as well as the apparent rate of acid formation. In 
some cases complete coagulation and a high degree of acidity were 
produced within 24 hours, while in other cases the same result was only 
reached after several days. All produced a marked acid reaction in the 
presence of glucose, galactose and maltose, and with one exception (23, 
slight reaction) in the presence of laevulose. With glycerine 31 produced 
a marked acid reaction, five (4, 5, 6, 15, 16) a feeble reaction and two 
(8, 9) no reaction. In no instance was any trace of acid produced with 
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mannite. Great differences were noted in the reactions on lactose, 
dextrine and saccharose, which are given in the preceding table. 

The main point of interest is that bacilli from the same locality, and 
therefore probably derived from one source, usually behaved in the 
same way. None of those from outbreaks A—E produced any reaction 
with saccharose, but contrary to previous experience (see p. 159) the 
majority of strains from F produced a marked acid reaction. 

These experiments prove that under suitable conditions all strains 
of diphtheria bacilli produce acid from glucose, galactose, laevulose, and 
maltose and the majority from dextrine and glycerine. The action on 
lactose is very variable and only a few strains act on saccharose. All 
tests on mannite yielded negative results. 

For the action of Hofmann’s bacillus and certain diphtheria-like 
bacilli on these substances see p. 204. 


The Effects of Alkalis and Acids on the Growth of the Diphtheria 
Bacillus in Broth. 


(a) The effects of Alkalis. Cobbett (1897) made a series of sugar 
free broth tubes (neutral to phenol-phthalein) each holding 5 «ac. 
containing oy, of peptone and ‘Dh of salt, and added sodium hydrate 
in quantities corresponding to 10, 20, 30, 40, 50, and 60 c.c. of normal 
alkali per litre. In tubes containing as much as 30 cc. of normal 
alkali per litre the growth was good, in those containing 40 c.c. per 
litre it was retarded, but it was entirely inhibited by higher degrees of 
alkalinity. In another series the sodium hydrate was replaced by the 
alkaline products of the bacilli themselves obtained by distillation. 
The results were exactly the same. 

(b) The effects of Acids. (Cobbett, 1897.) Three series of similar 
tubes were made, but containing acid instead of alkali, corresponding 
Momo io, 10, 1275.15, 175; and 20 cc, of, acid per’ litre. In 
series A the acidity was produced by sulphuric acid, in B by hydro- 
chloric acid, and in C by the products of an old diphtheria culture 
in glucose broth. The results of these experiments are shown in the 
following table: 
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50 ” ” ” ” 99 
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In all cases the growth was retarded by an acidity corresponding 
to 75 ec. of acid per litre, and it was completely inhibited, except 
in one instance, by an acidity corresponding to 12°5 cc. 


The Influence of Sugar on Toxin Production. 


Among the products formed by the growth of the diphtheria bacillus 
in broth are toxins, etc. These will be fully dealt with later (Section 
V), but some observations on this point must be mentioned here. 
The formation of acid from the muscle sugar in ordinary broth is not 
only of importance in diagnosing the diphtheria bacillus from other 
organisms, but has a considerable influence on the production of toxin. 

Roux and Yersin (1888, p. 629) were the first to point out that 
the toxicity of the cultures begins with the alkaline reaction. Theobald 
Smith (1893) found that the amount of toxin was to some extent 
inversely proportional to the quantity of the muscle sugar in the broth. 
Spronck (1895) quotes an experiment which clearly demonstrates the 
influence of muscle sugar on toxin production. He experimented with 
two cultures, which in doses of ‘2 c.c. after 24 hours’ growth, injected 
subcutaneously, killed guinea-pigs of 250—300 grs. in 24 hours. These 
were sown on a series of broths made from meat obtained from different 
sources and incubated at 37°C. He found that the results might be 
divided into three groups. Group A :-—The cultures became acid, and as 
the acidity increased the development was hindered and the filtrate was 
not toxic. Group B:—The cultures were luxuriant and the reaction 
alkaline. After three weeks’ growth ‘1 cc. of filtrate killed 500 grm. 
guinea-pigs in 48 hours. Group C:—Cultures first became acid and 
later alkaline, but did not produce as much toxin as Group B. These 
differences he found depended on the amount of sugar in the meat from 
which the broth was prepared. 

These conclusions have been amply confirmed by later investigators 
and are of great importance in the manufacture of toxins, but are here 
mentioned on account of their bearing on the pathogenic as opposed to 
the toxin producing powers of the bacillus. 


Sugar-free broth. 


From the observations which have just been recorded the necessity 
for obtaining a broth free from muscle sugar for testing the pathogenic 


and toxin producing powers becomes apparent. (Cp. section on viru- 
lence, p. 173.) 
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To get rid of the muscle sugar for the preparation of small 
quantities of broth several means have been adopted, of which the 
following are the best known:—(1) By allowing the meat to become 
stale or putrefy before making the broth, thereby making use of the 
putrefactive organisms to destroy the muscle sugar (Spronck). (2) By 
adding calcium carbonate to the broth to neutralize the acid as it is 
formed (Spronck). (8) By inoculating the meat extract with an acid- 
forming organism, and then after four or five days’ proceeding to 
neutralize, filter, add peptone, and resterilize (Smith). Of these methods 
Nos. 1 and 3 have been most frequently used (see also Section V). 

In testing a sample of broth for the presence or absence of sugar 
the following method devised by Theobald Smith (1896) is simple 
and reliable. 

Fermentation tubes are filled with the broth, sterilized, and in- 
oculated with B. colt or other acid producing bacterium. A simple 
inspection of the tube from day to day gives sufficient information 
of the muscle sugar present. If the closed branch of the fermentation 
tube remains clear, sugar is entirely absent. If it becomes clouded 
the cloudiness increases in density with the quantity of sugar present. 
If a little gas appears the quantity of sugar may be still larger in 
proportion to the gas accumulated. In all cases the open bulb must 
become clouded or turbid, otherwise the broth is unfit for the multi- 
plication of bacteria. 


Ascites broth. 


Ascites broth, namely broth to which 25 7 of ascitic fluid has 
been added, forms a good culture medium for diphtheria bacilli. (See 
virulence experiments, p. 175.) 

Nicolas and Arloing (1899) compared the growth of diphtheria 
bacilli on various kinds of broth: (1) ordinary broth, (2) broth made 
from putrefied meat, (3) ordinary broth to which 10 °/ of human serum 
had been added, and (4) ordinary broth to which 10°/ of horse serum 
had been added. They found that growth was most luxuriant in 
the order named. 


Media made from Various Organs. 


Livingwood (1898) made media from the liver, spleen, and suprarenal bodies 
to determine whether the extracts exerted any marked influence. He found that 
very little difference was noticeable in the growths, except that the growths on 
media made from spleen and suprarenal extracts, filtered through porcelain and 
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not heated, were less than those on media made from these organs in the ordinary 
way. 

Cesaris Demel (1899) grew the bacilli on liver broth to which neutral litmus 
had been added until a violet-amethyst colour was produced. In 24 hours the 
diphtheria bacillus gave a rosy colour and red deposit, but the Hofmann’s 
bacillus made the broth violet, while the deposit was colourless. 

Mayer (1899) made broth from the salivary glands of freshly killed animals 
(calf, ox, horse, and pig), and media from muscle-juice, urine, gall, aqueous 
humour, and mucin. He found that on these media slight differences of growth 
took place, but they were not of great importance. 

Glaessner (1900) made numerous experiments to test the efficacy of various 
substances as substitutes for peptone. The substances used were asparagin, 
somatose, and nutrose, with and without glycerine, and these were tested 
against broth made with peptone either alone or combined with glycerine. The 
bacilli were counted at the start of the experiment, and after 11 and 15 hours’ 
growth. A greater multiplication took place in the tubes without peptone than 
in those with it. 


Milk. 


In milk prepared in the usual way the diphtheria bacillus grows 
well, beginning to develop at a comparatively low temperature (20° C.). 
The milk remains unchanged in appearance and no coagulation occurs, 
but the medium becomes acid. (Cp. milk as a food substance, p. 172.) 

The bacilli multiply in Litmus whey at 87°C. and turn the medium 
acid, This medium has been used instead of glucose broth to ascertain 
the acid forming power. 


Egg media. 


Fraenkel (15. Iv. 95, p. 349) was the first to recommend cooked egg 
as a culture medium for the diphtheria bacillus. 

“In cooked and raw eggs the diphtheria bacilli develop both in the 
white and the yolk very well; also on solid egg-albwmen where it some- 
times shows branched forms ” (Bowhill, 1899, p. 164). 


Indol. 


It is stated by some writers that the diphtheria bacillus produces 
indol, while by others this is denied. These differences of opinion 
probably depend on the methods of testing. Gorini (1893) observed 
that cholera spirilla failed to give the cholera red reaction when ‘5 %/ 
of dextrose, saccharose, or lactose was present, and Kruse (1894) says 
that if the broth contains 25 '/ of sugar the indol reaction no longer 
appears. Theobald Smith thinks that peptone solution is a bad 
medium for testing the formation of indol, and considers dextrose-free 
broth to be better. He found that while in the former the reaction 
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only appeared in 3—6 days, in the latter it appeared in 16 hours, 
and was very bright. He also observed that in broth containing 
muscle sugar the reaction was only positive when the sugar had been 
converted into acid and the latter nearly neutralised. His experiments 
led him to conclude that the diphtheria bacillus formed no indol. 
Dzierzgowski and Rekowski (1895) grew diphtheria bacilli in flasks 
containing 2°/ peptone in distilled water for six weeks at 36°5°C., 
and kept control flasks under the same conditions. The distillate 
showed no free volatile or aromatic acids, or indol, skatol, tyrosin, or 
cadaverin. Petri (1890) and Kitasato (1889) could not find indol in 
24—48 hour cultures, and Lewandowski (1890) was unable to detect 
it by distilling 8—10 day old cultures and testing the filtrate. 

On the other hand Palmirski and Orlowski (1895) studied the 
filtrates from broth cultures, and state that the indol reaction appears 
after prolonged cultivation. Peters (quoted by Fliigge), Hewlett and 
Knight (1897), and Hewlett (1900) agree with these observers in 
thinking that indol is produced after three or four weeks’ growth. 
On further observation, Hewlett (1901) found that the quick reaction 
which he obtained by the addition of a strong acid and a weak nitrite 
solution to diphtheria cultures, was not due to indol, which is volatile, 
but to a non-volatile substance, skatol-carbolyxic acid. He isolated 
this in the following way. The organisms were grown on ordinary 
broth or peptone water (2—3//) for three or four weeks, and the 
cultures were then filtered through paper, and evaporated to 4—+4 of 
their bulk. The fluid was then acidulated with acetic acid and 
saturated with ammonium sulphate. This process precipitated the 
proteoses, etc. which were filtered off, and the filtrate was then evaporated 
to dryness at 37°C. The dry mass was then ground to a fine powder 
and repeatedly extracted with boiling alcohol. The alcoholic extracts 
were mixed, the alcohol distilled off, and the residue dissolved in a 
small quantity of water, and extracted with ether. The skatol- 
carbolyxic acid being freely soluble in ether was found in the etherial 
solution. The tests for skatol-carbolyxic acid are given by Salkowski 
(Zeitschr. f. physiol. Chem. 1X. 1885, pp. 8—23) as follows: 


(1) Solutions of 1—1000 to 1—10,000 mixed with a few drops of pure nitric 
acid (sp. gr. 1:2) and then with a few drops of 2°/) potassium nitrite give a cherry 
red colour. This is easily soluble in acetic ether and amy] alcohol, but not in ether 
or chloroform. The solution of acetic ether on the addition of sodium hydrate 
becomes decolourised, and the soda solution becomes coloured ; on acidulating with 
hydrochloric acid the acetic ether again takes up the colouring matter and the 
watery layer is decolourised. 
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(2) Solutions of 1—1000 mixed with an equal volume of hydrochloric acid and 
a few drops of 1—2 °/y chloride of lime give a purple red colour. 

(3) Solutions of 1—1000 mixed with a few drops of strong hydrochloric acid 
and two or three drops of weak ferric chloride show a cherry red colour on heating. 


Gas Production. 


During its growth the diphtheria bacillus does not produce gas 
under any conditions. 


Anaerobic Cultures. 


It is generally stated that the diphtheria bacillus grows rather 
less freely in the absence of oxygen than in aerobic cultures. Hewlett 
and Knight (1897, p. 15) make the capacity for growth in hydrogen 
one of the distinguishing features between the diphtheria and the 
Hofmann’s bacillus. They state that the former grows freely, but 
that the latter shows no growth. Peters, on the other hand, states 
that it does not grow anaerobically in an atmosphere of hydrogen. 


Vitality in Culture. 


Under favourable conditions the diphtheria bacillus remains alive 
in cultures for many months. Nedrigailoff (1901), for example, found 
that the diphtheria bacillus retained its virulence and vitality when 
kept on serum in sealed tubes for four years. Loeffler (1890) observed 
that cultures remained alive on gelatin for 330 days, and Abel (1893) 
succeeded in obtaining growths from three old dried agar cultures after 
213, 212, and 169 days respectively. A fourth culture, however, tested 
after 163 days, was dead. For the purpose of preserving cultures sugar- 
free gelatin is a good medium. The tubes should be kept at room 
temperature, and protected from the light. Kept at 37°C. cultures 
die rapidly, usually within a few weeks. 


Chromogenic Cultures. 


It has already been pointed out that more or less coloration of 
the colonies is fairly common in cultures grown on serum, especially 
alkalised serum. Many examples occur which show this colour distinctly, 
especially after a few generations. Hill (1903) observed that six cultures 
which were kept growing on serum for 10 months showed a distinct 
increase in the yellow coloration. After a year’s subcultivation one 
was remarkable in its cultural appearance, though typical in morphology 
and virulence. Cultures on serum showed a bright yellow colour in 
three days, but on agar after the same time they showed the ordinary 
whitish colour, The colour was soluble in chloroform, but the pigment 
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dried by evaporation was not soluble in water. Hill also observed 
feebly red coloured cultures which, when old, became a dirty, or even 
a dark, brown. 

Abbott (1891) recorded a non-pathogenic diphtheria bacillus which 
gave rise to a coloured growth on potato, This organism, therefore, 


probably belonged to the group described in Chapter X. 


The Influence of Temperature in Relation to the Growth of Diphtheria 
Bacilla on Artificial Media. 


Diphtheria bacilli begin to develop at a temperature between 
18—19°C., but growth is then very slow. They grow more rapidly 
as the temperature is raised, and attain their maximum development 
at about 35°—37° C. Roux and Yersin (1890) found that young cultures 
exposed to a temperature of 40°C. died in four days. According to 
Park (1900), however, development still occurs between 40—41°C., 
and he states that at this temperature the organisms may retain 
their virulence for months. 


A. Powers of Resistance of Diphtheria Bacilli from Cultures. 


(1) Thermal death point. According to the earlier observers, 
Klein (1889), Welch and Abbott (1891), Zarniko (1890), and Roux 
and Yersin (1890) the thermal death point with 10 minutes’ exposure 
in capillary tubes is 58°C., and this has been confirmed by all the 
subsequent observers. 

(2) Effects of Cold. Abel (4. v. 1895) found that cultures pro- 
tected from the hight and left in the open during the winter, when 
the temperature on some occasions fell as low as —23°C., kept alive 
as long as the experiment was carried on; in some cases up to 86 
days. Kasansky (1899) was able to confirm these observations, and 
in one case found that a culture exposed at times to — 25° C. was alive 
at the end of 118 days. Testi (1902) froze to — 20° C. and heated to 
37° C. for 30 minutes alternately (twelve times) emulsions of diphtheria 
bacilli in water, and found that cultures subsequently made from them 
were alive and virulent. Ravenel (10. vi. 99) immersed silk threads, 
impregnated with a suspension of diphtheria bacilli in water, in liquid 
air (— 190° C.) without drying. Cultures made from the threads after 
15 and 30 minutes’ exposure gave vigorous growths. 

Macfadyen (1. 11. 00) later cooled cultures of diphtheria bacilli to 
the temperature of liquid air (— 190° C.) for 20 hours without effect. 
Macfadyen and Rowland (5. 1v. 00, pp. 339, 488) made further experi- 
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ments. They exposed emulsions hermetically sealed in fine capillaries 
to a temperature of —190°C. for seven days, and to — 252°C. for 10 
hours without any appreciable effect. 

(3) Lffects of Drying. Hall (1902) dried diphtheria bacilli from 
agar cultures on glass rods, and left them in a box at laboratory 
temperature in diffuse light, and with slow diffusion of air. Cultures 
made from these rods showed that the times at which the organisms 
died varied greatly, some being dead after seven days, and others alive 
after 20 days. 

Put into tabular form his results were as follows :— 


No. of rods exposed 20 22 20 22 22 19 99 22 
No. of days of drying 1 2 el 7 10 14 14 20 
Positive results 20 22 16 13 12 6 9 2 
Negative results = — — 3 5 10 77 15 
Contaminated — — 4 6 5 3 13 5 


Abel (1895) dipped silk threads in the condensation water of 
cultures (three strains) and dried them over acid. Some of these 
were kept in the open during winter and some in the room. From 
time to time cultures were made on serum from these threads. Under 
both conditions the organisms on these threads were found to be alive 
up to 56 and even 86 days. Their virulence was not lessened. 

Deycke (1898) made observations on the length of life of diphtheria 
bacilli obtained from agar and broth cultures dried on lime wash, oil 
paint, and glue covering wood and cement. 

The following table is a summary of his results :— 


Materials smeared with bacilli Materials smeared with 
from agar culture. broth culture. 


Final living growth of Final living growth of 


Material bacilli obtained in bacilli obtained in 
Oil paint on wood 4 days 24 hours 
Lime Pe Ar DP ne 3 days 
Glue HY Loe BF Fa 
Oil paint on cement 24 hours 2 days 
Lime age PLS 10 days y Seay 
Glue ees LO. ihe tees 


Reyes (1895) compared the resistance of diphtheria bacilli placed on 
various materials in a moist and dry condition kept in the dark and in 


the light. 
aoa Kept in the dark Kept in the light 

Diphtheria bacilli - oo —— 

placed on fn dry condition In moist condition In dry condition In moist condition 
Silk are dead in 5 days 8 days 4 days 6 days 
Paper ,, 5 45s 8 ,, 3.5, 5 4, 
Linen ” ” 12 ” 18 ” 5 ” 15 ” 
Mud ,, ” 100 ,, 120 ,, 14 5, 120 ,, 


Sand ,, os WE oy, 34 ,, 5s, 34 
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He finds that by rapid drying over sulphuric acid they are killed 
at the latest in 48 hours. 

Golowkow (1895) made experiments of a similar nature. He took 
pieces of linen, cloth, and satin, and sterilized them at 120-180" C; 
These were infected by means of broth cultures, and some were left 
in the dark and others in the light at room temperature. After 
certain times the pieces were put into broth and cultivated. He 
found the bacilli dried on cloth were dead after 13 days, and on 
linen after 16 to 23 days in the dark, and after 20 days in the light. 
On a certain gray cloth they were alive and capable of growth after 
26 days. On unwashed gray linen the bacilli were dead after 24 hours, 
but on the same material washed they were living after 20 days. The 
author thinks this is probably due to some chemical substance in 
the colour or finish. He states that the virulence of the diphtheria 
bacillus is diminished by drying. 

Germano (1897) also came to the conclusion that diphtheria bacilli 
remain alive a long time on cloth. 

The observations which have just been quoted prove that diphtheria 
bacilli from cultures, without the protection which portions of membrane 
and saliva can give them, are capable of remaining alive after drying 
for very considerable periods. 

(4) Effects of Inght. It is well known that diffuse daylight hinders 
the growth of diphtheria bacilli even when other conditions are favour- 
able, and that it shortens their period of life in cultures. Direct 
sunlight has a much more powerful bactericidal influence. Gehrke 
(1899), for example, found that suspensions of the bacilli in clear 
water were killed by direct sunlight in 2—8 hours, whereas in water 
yellow with organic material they remained alive longer. He found 
that agar cultures were killed in six hours, but that broth cultures, 
one or two days old, were very resistant to its influence. Ledoux 
(1895), however, states that even broth cultures are killed within a 
few days. He also found that bacilli dried in thin layers were rapidly 
killed by direct sunlight. 

(5) Period of life in soil and dust. Reyes (1895) found that 
diphtheria bacilli enclosed in dry mud and kept in the dark remained 
alive for 100 days, in moist mud in the dark for 120 days, in dry 
mud exposed to light for 74 days, and in moist mud kept in the 
dark for 120 days. In dry sand kept in the dark they remain alive 
for 18 days, but in dry sand exposed to the light for only five days. 
In moist sand, whether kept in the dark or exposed to the light, they 


170 The Diphtheria Bacillus 


remain alive up to 34 days. Leighton (1901) found that diphtheria 
bacilli were still capable of producing a growth after being enclosed 
for 18 days in clay. The clay was kept moist and warm, and studied 
periodically. Germano (1897) came to the conclusion that diphtheria 
bacilli can withstand drying in dust for a long period. 

(6) Putrefaction. Klein (31. v. 1899) made some observations 
on the bodies of guinea-pigs dead of experimental diphtheria, which 
tend to show that under certain conditions diphtheria bacilli can 
resist the changes due to early putrefaction. Some of these bodies 
were buried in the earth direct, others in sand, and some in wooden 
coffins. After 14, 21, and 31 days’ burial animals buried in each of 
these ways were exhumed, and culttres made on Kanthack’s ascitic 
fluid medium from the juice of the swollen inguinal glands. All 
organisms resembling diphtheria bacilli were proved by cultural and 
animal inoculation tests. After 14 days the bacilli were alive in all 
cases, but no diphtheria bacilli could be found after 21 and 31 days’ 
burial. 

(7) The effects of Antiseptics. Owing to the lack of uniformity 
in the methods used and the time limit adopted by various observers 
it is difficult to compare the actions of various antiseptics on the 
diphtheria bacillus. In the following table is given the action of 
various substances on broth cultures or fresh emulsions of diphtheria 
bacilli, under either of which conditions the organisms are easily 
affected by the reagents. 


Table showing the action of some common germicides on the diphtheria 
bacillus in fluid cultures. 


Acids—Carbolic 1 : 100 Kills within 10 minutes (Smith and Somerville, 1905). 
Hydrochloric 1; 25 3 105s 
Nitric 1:50 3 LO, 
Sulphuric 1:10 As Osea, 
Alcohol (98—30 °/,) os 1 minute (Russ, 1905). 
Ammonia (gas) 3 4 hours (von Rigler, 1893). 
Chlorine 1: 10,000 +5 10 minutes (Williams, 1895). 
Creolin 1: 2000 ss LO; (Smith and Somerville, 1905). 
Cyllin 1: 800 4A 4ipe.. (German, 1905). 
Formalin 1: 100 ie ksi y Se, 
Lysoform 1: 100 3 25 By 
Mercuric chloride 1 : 5000 ‘5 105 
Tricresol 1:33 Ne AKO 


From such experiments nothing, however, can be deduced as to the 
action of these germicides on the bacilli in the dried state, or when 
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enclosed in masses of membrane or mucus. Russ (1905), for example, 
has shown that 98°/ alcohol does not affect the vitality of diphtheria 
bacilli dried on silk threads after an exposure of an hour, but kills the 
bacilli in emulsions within a minute. 30—60°/ alcohol on the other 
hand kills the dried bacilli in five minutes, and the bacilli in emulsions 
in one minute. Mercuric chloride (1—1000), potassium permanganate 
(1—20), and carbolie acid (1—20) kill thick layers of cultures in 
20 seconds (Bowhill, 1899). 


B. Powers of Resistance of Diphtheria Bacilli enclosed in Membrane. 


It has long been known that in dried pieces of membrane diphtheria 
bacilli remain alive for long periods of time. Loeffler (1890) observed 
living bacilli in fragments of dried membrane after 14 weeks, Park 
and Beebe (1895) after 17 weeks, and Roux and Yersin (1890) found 
them still alive in pieces of membrane kept in the dark at room 
temperature after five months. Many other later observers have con- 
firmed these statements. Even when enclosed within pieces of mem- 
brane, the diphtheria bacilli are considerably influenced by the external 
conditions. The presence of light, moisture, or a high temperature may 
cause them to die more rapidly than when the conditions are more 
favourable. Roux and Yersin (1890), for example, found that no living 
bacilli could be obtained from a dry membrane hung up in the open 
and exposed to the air, sun, and rain after one month. According to 


these observers the bacilli dried in membrane can resist a temperature 
of 98° C. for one hour. 


The Behaviour of Diphtheria Bacilli in certain Food Substances. 
(A) Water. The period of the vitality of the diphtheria bacillus 


in water depends on whether the water is pure or contains nutritive 
substances, on the treatment it has received, and on the external 
conditions. According to Montefusco (1896) the diphtheria bacillus 
remains alive in ordinary water for 20 days, and in sterilized water 
for 45 days. Seiler and Stoutz (1904) thought that it multiplied in 
sterilized water up to 9—12 days. In distilled water however, according 
to the observations of D’Espine and de Marignac (1890), it dies within 
24 hours. In strongly polluted water the diphtheria bacillus only 
remains alive six days (Montefusco). Gehrke (1899) found that the 
action of sunlight on diphtheria bacilli suspended in water differed 


172 The Diphtheria Bacillus 


according to the degree of pollution of the water. Whereas the 
bacilli suspended in pure water died in 2—8 hours, they died much 
more slowly in water yellowish with organic material. 

(B) Milk. The most extensive experiments on the growth of 
diphtheria bacilli in various kinds of milk have been made _ by 
Schottelius (1896). He compared the growth and multiplication of 
diphtheria bacilli in broth and in raw and sterilized milk, both at room 
temperature and at 37°C. He found that the multiplication of the 
bacilli was greatest when tested after 6, 24, and 48 hours’ growth 
in raw milk, and greater in broth than in sterilized milk both at 
37°C. and at room temperature. In one of his experiments he added 
lec. of a broth culture to 20 cc. of sterilized milk, 20 cc. of milk 
taken straight from the udder of the cow, and to 20c.c. of broth. 

The actual numbers found per c.c. after growth for six hours were :— 


At room temp. At 37°C. 
In raw milk 21,280,000 50,160,000 
In sterilized milk 2,280,000 6,080,000 
In broth 7,600,000 18,240,000 


Kyre (1904) also showed that the rate of multiplication of diphtheria 
bacilli in milk, obtained as sterile as possible from the udder of the cow, 
is very great. 


0 hours 24 hours 48 hours 7 days 
Diphtheria bacilli 39 1,170 22,000 19,000,000 per c.c. 


The conclusions of Montefusco (1896) and Rubinstein (1904) are, 
however, not in agreement with these experiments. Montefusco came 
to the conclusion that sterilized milk was a good medium for diphtheria 
bacilli, but that no further growth took place in raw milk after three 
days, while Rubinstein says that in raw milk they die in 24 hours, 
He states, however, that in prepared butter-milk, as given to children, 
they remain alive for five to seven days. 

Klein (1900), on the other hand, stated that in sterilized milk 
diphtheria bacilli showed no growth at 87°C. in 14 days, but at 
20°C, showed copious growth. He also failed to detect growth in 
sterilized cream at either 37°C. or 20°C. 

(C) Butter. According to Montefusco (1896) diphtheria bacilli 
remain alive for two days in butter, but even after six hours have 
begun to lose their virulence. 

(D) Klein (1900) found that diphtheria bacilli did not grow on 
a sterilized block of cheese either at 37°C. or 20°C. 
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(EZ) Wines according to their acidity are more or less noxious 
to diphtheria bacilli (Montefusco, 1896). 

(Ff) On fresh bread the bacilli are alive after 24 hours, but are 
dead after 48 hours. On stale bread they live longer (Montefusco, 
1896). 


Virulence. 


The typical virulent diphtheria bacillus when injected into the 
subcutaneous tissues of a guinea-pig causes the death of the animal 
within three or four days with certain characteristic lesions. At the 
autopsy there is found in the subcutaneous tissue at the site of 
inoculation a whitish necrotic area which varies in size from about 
‘5 to 2 cms. in diameter. A more or less extensive, often haemorrhagic, 
gelatinous oedema surrounds this area. Sometimes the oedematous 
area is small, at other times it occupies most of the surface of the 
abdomen, and not infrequently it extends over the whole ventral surface, 
including the axillae, groins, and neck. 

On opening the peritoneal cavity the vessels of the omentum and 
mesentery are generally found to be somewhat congested. Some con- 
gestion of the liver, kidneys, and spleen is also common. The most 
striking and constant feature is, however, the intense congestion of 
the vessels of the suprarenal capsules. The colour of these organs 
is changed from the yellow of their normal condition to pink, red, 
or a very dark deep red. A small quantity of fluid is sometimes found 
in the peritoneum. 

On opening the thorax a quantity of clear straw-coloured fluid is 
frequently found in the pleural cavities. The quantity of this fluid 
may vary between traces which cannot be measured up to 15 cc. or 
more. The lungs may be normal or congested. 

The histology of these lesions and the rarer conditions are dealt 
with later (Chapter VII). In 1897 Theobald Smith wrote, “ We may, 
for convenience, regard the disease producing power of diphtheria bacilli 
as made up of two elements, toxicity and virulence. The former 
represents the rate of accumulation of toxin in culture fluids, and is 
easily measured; the virulence, on the other hand, which may be 
regarded as the behaviour of diphtheria bacilli towards living tissue, 
is as yet an unknown quantity.” The toxin producing power is fully 
dealt with in another section (Section V), and it is only the virulence 
with which the present section is concerned. A culture of the 
diphtheria bacillus is said to be fully virulent when it is capable of 
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killing a half-grown guinea-pig after subcutaneous inoculation within 
three, or at the outside four, days, with the lesions just described. 
It has hitherto been generally considered that diphtheria bacilli of 
all degrees of virulence are to be met with from the fully virulent 
to the totally non-virulent, which even in large doses produce no effect 
on guinea-pigs. In fact Welch (1891) summarised his conclusions on 
this point as follows: “It is to be said that this bacillus, as obtained 
in pure culture from different cases of diphtheria, varies in virulence, 
as tested upon animals, to a greater degree than any known pathogenic 
organism,” and Abbott (1902, p. 400) more recently concluded his 
statements on this subject as follows :—“ Under certain circumstances 
with which we are not acquainted Bacillus diphtheriae becomes 
diminished in virulence, or may lose it entirely, so that it is no longer 
capable of producing death of susceptible animals, and may cause only 
a transient local reaction, from which the animal entirely recovers. 
Sometimes this reaction is so slight as to be overlooked, and again careful 
search may fail to reveal evidence of any reaction at all. This exhibition 
of the extremes of its pathogenic properties, viz., death of the animal 
on the one hand, and only very slight local effects on the other, was 
at one time thought to indicate the existence of two separate and 
distinct organisms that were alike in cultural and morphological 
peculiarities, but which differed in their disease producing power. 
Further studies on this point have, however, shown that the genuine 
Bacillus diphtheriae may possess almost all grades of virulence, and 
that absence of, or diminution in, virulence, can hardly serve to dis- 
tinguish as separate species those varieties which are otherwise alike ; 
moreover, the histological conditions found at the site of inoculation 
in animals that have not succumbed, but in which only the local 
reaction has appeared, are in most cases characterised by the same 
changes that are seen at autopsy in animals in which inoculation has 
proved fatal.” Most writers seem to agree with these opinions, and 
many observers have proved that the degree of virulence has no 
relation to the severity or mildness of the disease in the patient 
from whom the culture was obtained. There can then be but little 
doubt that variations in virulence are to be found amongst diphtheria 
bacilli, nevertheless there are many reasons for thinking that inter- 
mediate degrees of virulence between full virulence and total lack 
of virulence are much less common than has been generally supposed. 
In many of the experiments which are quoted to illustrate these 
intermediate degrees of virulence the conditions are not uniform. 
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Some investigators had cultivated the bacilli preparatory to inocu- 
lation on ordinary broth containing various quantities of muscle sugar, 
and some even on broth to which glucose had been added; others 
have used bacilli from solid cultures emulsified in salt solution, or 
the water of condensation. ‘The times during which the cultures 
have been allowed to grow, the dose, and the size of the animals 
have also all been subject to variation. In fact Theobald Smith (1897) 
went so far as to say that “the large amount of labour which has 
been -expended in comparing the virulence of diphtheria bacilli from 
different sources is all but wasted.” 

Some of these sources of possible error are discussed below. The 
effect of the presence of sugar in the medium on the toxin production 
and vitality of the bacilli has already been mentioned (p. 162). Cultures 
which have become acid frequently produce no result on guinea-pigs, 
although the strain from which they have been sown is highly virulent. 
It is therefore of importance that the broth used for cultivating the 
bacilli previous to injection should be free from sugar, 

In most experiments the organisms are grown in broth for 48 hours 
and certain quantities of the culture are then injected. Most experi- 
menters have not, however, paid any attention to the relative degree 
of growth of the various strains, although it is well known that many 
strains, which have been recently separated, grow poorly in broth at 
first, but after one or two transplantations become accustomed to 
the medium and grow well. 

Cobbett (1901) found that three strains in doses of ‘1 cc. of 
48 hour cultures failed to kill, but these cultures were poorly grown, 
and when injection was repeated a few days later, after the culture 
had passed through one or more generations in broth and had become 
accustomed to this medium, death took place within 48 hours. The 
writer (1904) had a similar experience, but found one culture of 
diphtheria bacilli which even after several transplantations grew poorly 
in broth, and only killed animals after 12 days. Williams (1902) also 
found certain bacilli which immediately after isolation showed very 
scanty growth in broth, and says that “such broth cultures gave 
very little reaction in guinea-pigs except in large amounts, though 
the bacilli themselves when inoculated from serum cultures were 
decidedly virulent. In ascitic broth however, where they grew rapidly 
and abundantly, they showed a high degree of toxicity.” After ascitic 
broth was used to test the virulence, all the specifically virulent 
diphtheria bacilli, about 100 cultures, segmented and granular, were 
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found to be highly pathogenic for guinea-pigs, the largest dose required 
to produce death being ‘2 c.c. and the average ‘01 c.c. 

Half-grown guinea-pigs (150—350 grms.) are generally employed 
for the virulence test, the larger animals being somewhat more resistant. 
It has generally been assumed that all guinea-pigs are about equally 
susceptible, but Theobald Smith (1897), in estimating the absolute 
toxicity of culture filtrates, came to the conclusion that animals from 
some sources are much more susceptible to diphtheria toxin than from 
others. For several years this writer had been experimenting only 
upon guinea-pigs reared under his supervision. During this time all 
animals used exhibited a remarkably uniform susceptibility. Latterly 
(1905) the guinea-pigs purchased from a dealer had to be used, and 
it was soon evident that for them the minimal fatal dose was about 
4—3 of that to which the home-bred guinea-pigs succumbed. In 
seeking some cause for these irregularities in susceptibility he found 
that the differences were due to family inheritance, and showed that 
all individuals from a litter possess the same degree of susceptibility 
or resistance, and that several litters of the same mother are the same 
in this respect. Further, he found that the darker animals (black, 
and black and red) were able to stand 10°/ more toxin than the white 
ones. Behring (1898) states that Ehrlich obtained from a dealer a 
race of guinea-pigs showing relatively great resistance, and Anderson 
(1906) has recently shown that female guinea-pigs, which have been 
treated with toxin, in many cases (50 /) transmit a considerable degree 
of immunity to their young. 

In experiments relating to virulence the statement is frequently 
made that the animals have died some considerable period after the 
injection without any symptoms of paralysis, and death is attributed 
to the inoculation. Theobald Smith (1897) observed that a certain 
number of guinea-pigs became emaciated some time after full recovery. 
They grew literally smaller and moved about the cage with arched 
backs, and the bones could be felt through the skin. In all such 
cases after they had been chloroformed the kidneys were found remark- 
ably pale, and in some instances perhaps a little enlarged. He does 
not believe that this condition is due to the toxin, but that it is peculiar 
to, or at any rate not uncommon in, the guinea-pig living in confine- 
ment, as the disease was found in both young and old untreated 
guinea-pigs. 

The experimental animals must also be kept under good conditions 
and be free from disease. Valagussa and Ranelletti (1898) attempted 
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to render the conditions of their animal experiments as comparable 
as possible to the conditions in which the poor live. They kept 
animals under various conditions of fatigue and hunger, and on a poor 
and short diet, and in foul air. They found that under the influence 
of these factors the toxic strength of the diphtheria products was 
heightened and that the animals succumbed more quickly and with more 
marked lesions. | Previous inoculation with the products of saprophytic 
and pathogenic organisms also weaken the powers of resistance. 

It follows from what has just been stated that in attempting to 
determine the virulence of various strains of diphtheria bacilli the 
conditions of the experiments ought to be as equal as_ possible. 
Cultures of the bacillus, which have become accustomed to the medium 
and grow well, incubated at 37°C. in sugar free broth for 48 hours, 
should be used and injected subcutaneously in small doses. Although 
broth kept under the influence of light and air undergoes changes, 
in a series of experiments the results are more likely to be comparable 
if the same broth is used throughout. The variation in the sus- 
ceptibility of the animals is probably not a factor of much account 
in testing the virulence, but should be borne in mind. Half-grown 
guinea-pigs seem the most suited for these experiments. 

Under the conditions just quoted very few series of extended 
observations have been made. 

Cobbett (Iv. and x. 1901) in two outbreaks at Cambridge isolated 79 
cultures of diphtheria bacilli. Of these 11 were totally non-virulent, 
and the rest were fully virulent killing in doses of ‘1 ¢.c. within two or 
three days. He found none with intermediate degrees of virulence. 

Williams (1902, p. 103), as already mentioned (see p. 175), found no 
intermediate degrees of virulence. She says: “After ascitic broth was 
used to test toxicity, all the specifically virulent diphtheria bacilli,— 
about one hundred cultures—segmented and non-segmented varieties, 
were found to be highly toxic for guinea-pigs. The largest dose of a 
two to six day culture on ascitic broth which was required to produce 
death in this animal was one-fiftieth cubic centimeter, the average dose 
being one-hundredth cubic centimeter.” 

Graham-Smith (1904) during an epidemic isolated the diphtheria 
bacilli from 113 out of 117 persons, patients and contacts, who were 
found to be harbouring them. Of these 87 were fully virulent killing in 
doses of ‘2 c.c.,and 25 non-virulent, producing no effect in doses of 2 c.c. 
One only killed after 12 days, but this strain, even after repeated 
transferences, grew very poorly in broth. As this is the largest series 
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from an epidemic in one place yet examined in this way the results of 
the injections and autopsies are given in full (Chapter XII). 

Theobald Smith and Walker (1896) used the relative accumulation 
of toxin in culture, eliminating the bacilli by filtration, in comparing 
the disease producing power of diphtheria bacilli. In giving their 
reasons for making use of this method Smith says: “The writer is fully 
aware of the fact that but an instrument of pathogenic power is here 
dealt with, and under artificial conditions, since we do not know the 
nature of the nutritive fluid which the bacilli make use of on mucous 
membranes, nor as a consequence, whether the toxin production in 
bouillon is a true index of the production of toxin on mucous membranes. 
The problem is in fact very complex, as with all infectious diseases, and 
all we can hope to do at a time is to examine one factor of disease as 
carefully as possible, while eliminating all the others for the time being. 
The use of living cultures upon animals is of no service in these 
experiments because it produces at once three variable factors: (1) the 
bacilli as potential toxin-producers after injection ; (2) the poison of their 
bodies after destruction; and (3) the toxin preformed in the culture 
fluid injected.” 

These observers estimated the toxicity of the culture fluid from 42 
races of diphtheria bacilli obtained from different localities under equal 
conditions. The minimal fatal dose varied from ‘036—12 c.c., that is 
to say, there was considerable uniformity in the toxin producing power, 
and they came to the conclusion that this power is not so variable as it 
has generally been considered. They also investigated in the same way 
cultures isolated from patients at various times after the disappearance 
of the membrane. There was amongst these also a considerable 
uniformity in the production of toxin. Cultures of much greater toxin 
producing power have been isolated, but some of these at any rate have 
increased in their capacity for producing toxin by prolonged cultivation. 

Park (1900) on the other hand states that “the virulence of 
diphtheria bacilli from different sources, as measured by their toxin 
production, varies enormously. Between bacilli which produce a great 
deal of toxin, and bacilli which apparently produce none, we find all 
_ grades of virulence.” 
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Summary of virulence experiments. 


The pathogenic properties of the diphtheria bacillus can be tested 
in two ways (1) by the injection of the sterile products of the organism, 
or (2) by the injection of living cultures: The former method involves 
a considerable amount of labour, and has the objection that but an 
instrument of pathogenic power is dealt with. The latter is the method 
which has been most frequently used, but many objections have been 
urged against it: that the conditions are artificial, in that subcutaneous 
inoculation bears little resemblance to the ordinary mode of infection in 
man, and that the conditions have varied in almost every series of 
experiments, and in the individual experiments of each series. Never- 
theless, if care be taken to equalise the conditions as far as possible, a 
correct estimate may be formed of the virulence of the bacilli towards 
guinea-pigs, and satisfactory evidence is yet lacking to show that races 
non-virulent to guinea-pigs can produce serious disease in man. 

The great majority of workers consider that diphtheria bacilli 
obtained direct from the throats and noses of clinical cases! vary in 
virulence, as ascertained by the subcutaneous inoculation of living 
cultures, to an extraordinary degree: from fully virulent races which in 
small doses kill guinea-pigs within three days to races which produce no 
effect on these animals when injected in large doses. The conditions of 
most of these experiments have not, however, been uniform. 

The results of those experiments which have been made under uniform 
conditions, i.e. the inoculation of well-grown 48-hour cultures in sugar-free 
broth or ascitic broth into half-grown guinea-pigs, show that the very 
great majority of races of diphtheria bacilli are either fully virulent or 
totally non-virulent for these animals. On further investigation it has 
usually been found that the latter races have been derived not from 
clinical cases but from infected contacts. In spite of the latter 
investigations there can be but little doubt that partially attenuated 
races do occur, but with much less frequency than is generally supposed. 


Classification of diphtheria-like bacilli according to virulence. 


Park and Beebe (1895) classified the diphtheroid bacilli commonly 
met with in the throat and nose according to their virulence and power 
of producing acid in broth: 


1 Experiments on the virulence of diphtheria bacilli derived from convalescent patients 
and infected contacts are given later (pp. 231, 233). 
12—2 
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1T. Bacilli identical in appearance both in culture and under the 

microscope with the diphtheria bacillus. 

(a) Pathogenic acid producers = Virulent diphtheria bacilli. 

(b) Non-pathogenic acid producers=Non-virulent diphtheria 
~ bacilli. 

II. Bacilli somewhat resembling, but shorter and stouter than, 
diphtheria bacilli. 

Non-pathogenic, non-acid producers = Hofmann’s or the pseudo- 
diphtheria bacillus. 

Although this classification does not include the more uncommon 
forms of diphtheroid bacilli, which have from time to time been 
encountered, it clearly distinguishes between the forms which are of 
common occurrence in diphtheria investigations. Had this scheme 
been more frequently adopted much of the confusion might have been 
avoided, which has arisen owing to the use of the term pseudo-diphtheria 
bacillus to denote both the non-virulent diphtheria bacillus and the 
Hofmann’s bacillus. 


The Distribution of the Diphtheria bacillus. 
I. The occurrence of diphtheria bacilli in notified persons. 


Novy (1895) gives a table showing the results of observations by 
European workers between 1886 and 1895, in which 2846 cases of 
diphtheria were examined and diphtheria bacilli found 2344 times 
(82'4°/). European and American observers combined examined 8186 
cases finding the specific bacillus in 5943 (72'6 /). French investigators 
in the Pasteur Institute obtained the bacillus in 701 out of 960 cases 
(73%), and during 1894 certain German workers satisfied themselves of 
the presence of the bacillus in 945 out of 972 cases, giving a percentage 
of 97:2. The work of Park and Morse showed that out of 5340 
suspected cases 67°5/ were true diphtheria. 

Woodhead (1896) states that of the 12,172 cases admitted into the 
Metropolitan Asylums Board Hospitals during 1895-6, and certified as 
suffering from diphtheria, at least 2078 or about 3000, offered no 
bacteriological evidence of diphtherial infection. 

Josias and Tollemer (1903) found that of 709 cases admitted into 
hospital diagnosed as clinical diphtheria, only 580 (81°%) showed 
bacteriological evidence of the disease. 


1 Cobbett’s (1v. 1901, p. 244) tabulation of Park and Beebe’s classification is shown 
above. 
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The following table summarises the observations of the Massachusetts 
State Board of Health for the nine years ending March 31st, 1905: 


Bacteriological diagnosis 
ee 


——EEEE ee. 


Percentage of 


Clinical diagnosis “Positive Negative Doubtful true diphtheria 
4113 positive 2555 1504 54 61:6 
2340 negative 421 1880 39 18:0 
2971 doubtful 982 1942 47 33:0 
2031 not given 734 1247 50 36°1 


The results of the bacteriological examinations of the 30,000 certified 
cases quoted above show that bacteriological evidence of diphtheria was 
present in only 71°/%. The experiences of most other observers who 
have examined smaller numbers of cases are in accord with this. 

Some of the diseases clinically simulating diphtheria and occasionally 
mistaken for the latter are given later (Chapter XI). 


IT. The distribution of diphtheria bacilli in healthy persons, 
who have been recently exposed to the diseuse. 


Many of the statistics, which have been compiled and quoted, on the 
distribution of the diphtheria bacillus in healthy persons have been 
based on the morphological appearances of the bacilli obtained from 
cultures alone, without any attempt to isolate and test the suspicious 
organisms. Very few observers have tested the virulence of even a 
small proportion of the diphtheria bacilli they have observed in such 
cultures, but many have assumed that all the morphologically typical 
bacilli were virulent. 

Although it is of the utmost importance to ascertain whether 
virulent diphtheria bacilli ever occur amongst normal persons, who have 
not been exposed to diphtheria, and although all observers are agreed 
that virulent and dangerous diphtheria bacilli occur in the mouths of 
certain healthy persons, who have contact with the sick, yet not in- 
frequently it is difficult to ascertain whether the persons examined 
by some investigators have been recently in contact with diphtheria 
or not. 

In the following summary of observations an attempt has been made 
to classify the various observations, which have been made on healthy 
persons, most importance being attached to the work of those ex- 
perimenters, who have tested the organisms they have found, and made 
careful inquiries as to the possibility of recent contact. 
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The proportion of “contacts,” or persons who have recently been in 
intimate connection. with the disease, who become infected with the 
diphtheria bacillus to those who do not become infected, is subject to 
great variation according to the investigations of different observers. To 
some extent these differences probably depend on the measures taken 
to promptly isolate the sick, the class of persons examined, and the 
views of the observer as to the importance of the bacilli which he 
meets, 

Contacts have here been divided into classes according to the 
closeness of their relationship to the diseased persons :— 

(a) Family contacts, or members of the family to which the 
diseased person belongs. (b) Persons attending on the sick. (c) 
Persons in close connection with the sick in hospital wards or institu- 
tions. (d) Scholars of infected schools. (e) Contacts not included in 
the above classification. 


(a) Infected families. 


Cobbett (1v. 1901) discovered diphtheria bacilli in all the healthy 
members of one family. The bacilli from three of them were isolated 
and found to be virulent (100%). Park (1892) quotes the case of a 
family of four persons, all of whom suffered from diphtheria and of whom 
three died. The bacilli in all cases were virulent (100 /). Scheller 
(1905) recently examined 284 relatives of diphtheria patients and found 
diphtheria bacilli in 108 (38%). Three infected families which he 
carefully examined contained 7, 6 and 3 healthy individuals, and of 
these 16 persons 14 were found to be harbouring diphtheria bacilli 
within a few days of the outbreak of the disease (87°5'/). In these 
families the distribution of the bacilli was extremely interesting, and 
one example is given below in detail : 


Date of examination in days from the outbreak 
of the disease 


\ 


Age Clinical diagnosis 2 22 31 37 46 51 58 
7 years Diphtheria + + at 0 + 0 0 
Ane; Healthy 0 0 0 0 0 0 0 
23 ,, 0 0 0 + 0 0 0 
8 yy ¥, + + + + 0 + 0 
Olan: s3 + 0 + + + 0 0 

aly rp - 0 0 0 0 0 + 0 
31. Cy, 5 + 0 + + 0 0 0 
39, as + + i) 0 0 0 


+ =diphtheria bacilli present in cultures. O=no diphtheria bacilli found in cultures. 
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Spirig (1899) examined the children of two families numbering four 
and six respectively. There was one case of diphtheria, and of the 
remaining nine children six were found to be harbouring diphtheria 
bacilli (66°67). Of these six, five subsequently developed the disease. 
Willams (1896), in an infected family of five persons, found three with 
diphtheria bacilli (60%). Park and Beebe (1894) amongst 48 children 
in 14 infected families found diphtheria bacilli in 50 7, All the 
cultures tested were virulent. In other families, however, in which 
isolation was as perfect as possible only 10 7, were found to be infected. 
Kober (1899) made bacteriological examinations of the throats of 128 
persons, relatives of patients, and found diphtheria bacilli in 15 
(117%). 

In this class of contacts, therefore, the proportion of infected persons 
varies between 100—50 ¥ in families in which strict isolation is not 
observed, but may be as low as 10 yA under the best conditions. 


(b) Persons attending on the sick. 


Numerous examples are to be found of physicians, nurses, and 
students becoming infected with diphtheria bacilli from patients, but 
very few observations show what proportion of these persons becomes 
infected, and in any case the degree of infection under these conditions 
must depend greatly on the precautions used. 

Richmond and Salter (1898) examined the throats of 129 doctors, 
nurses, and medical students who had diphtheria patients under their 
charge, and found diphtheria bacilli in 62 of them (48 7). 

Pugh (1902) examined the throats of 56 nurses and found diphtheria 
bacilli in 7 (12°5 7%). 


(c) Persons in close connection with the sick wm hospital 
wards and institutions. 


Lister (1898) in the Shadwell hospital examined 125 children, 69 of 
whom had nasal discharges. Organisms resembling diphtheria bacilli 
were found in the noses of 61 of them (48°/). 69 out of 242 cultures 
taken from the throats of the inmates of an institution known as the 
Bethany Home (Minnesota Board of Health, 1900) showed diphtheria 
bacilli at a time when there were three clinical cases (287%). Miiller 
(1897) systematically examined the children (100) in a general ward 
in Berlin. Four had diphtheria bacilli when the examination began 
and six were later admitted with them. The latter were all recent 
contacts. 14 children acquired the bacilli during their stay (16 7%). 
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He found that infection passed from cot to cot. Soerensen (1898-9) 
during three years examined the patients in scarlet fever wards. During 
this period 2290 patients passed through the wards amongst whom 
54 harbouring diphtheria bacilli were admitted, and these gave rise to 
49 cases of clinical diphtheria and 274 (12:5 °/) infected contacts. 
Graham-Smith (1904) out of 48 patients and nurses examined in a 
general ward found 5 contacts with virulent diphtheria bacilli and one 
with non-virulent (127%). Park and Beebe (1895) found 6 out of 55 
children in the New York Foundling Hospital to be harbouring 
diphtheria bacilli. Of these organisms 5 were virulent. Some cases 
of diphtheria had from time to time occurred in this institution. 
(Virulent bacilli 9%.) Gross (1897) examined weekly the throats and 
noses of all the children in the Boston City Hospital during a period 
of six months. 3816 children were examined, of whom two suffered from 
diphtheria, Of the 314 children who showed no clinical manifestations 
of diphtheria 24 at some period gave cultures of diphtheria bacilli (7°6/). 
In the State School for Feeble-minded, Faribault (Minnesota Board of 
Health, 1900), 3 out of 50 persons examined showed diphtheria bacilli 
(6%). In this institution there had been no clinical diphtheria for 
four months. Chatin and Lesieur (1900) made observations on 75 
children in an asylum in which there had been one case of diphtheria. 
14 of the children were suffering from sore throats, of whom two had 
diphtheria bacilli (2°66 /); the remaining 61 were free. Johannessen 
(1895) found virulent diphtheria bacilli in the throats of 7 out of 38 
healthy contacts in a hospital ward. 


(d) Scholars of infected schools. 


Crowley and Eurich (1904) examined 93 cultures taken from the 
throats of the teachers and children of the infant department of a school 
in which 80 cases of diphtheria had occurred. 42 were found to be 
infected with diphtheria bacilli (45°1°/). Peck (1901), during an 
outbreak in a boarding-school, found 31 infected contacts amongst the 
100 scholars (31 7%). From a school in which several cases had occurred 
63 children were examined by Cobbett (x. 1901) and 18 infected contacts 
found (20%). Cultures from 10 of these were isolated and tested and 
6 turned out to be virulent and 4 non-virulent. In a previous outbreak 
(iv. 1901) he had examined 650 persons, mostly school children, and 
discovered diphtheria bacilli in 19. These latter were either children 
attending the school most affected, or were inmates of houses where 
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there were actual cases. The examination conducted for the State 
Board of Health of Minnesota (1901) in certain schools resulted in 
the following findings :— 


Children Typical diphtheria 


School examined bacilli in 
1. Albert Lee 24 6 (25 °/,) Diphtheria prevalent. 
2. Elbow Lake 74 15 (20 °/,) Diphtheria prevalent. 
3. Faribault 57 6 (10 °/,) Diphtheria had been prevalent. 
4. Owatonna public schools 40 2 (5 J) One case of diphtheria known 
in the town. 
5. Mankato 30 13 */,) Cases recently in the school. 


Berry and Washbourn (1900) examined bacteriologically 148 girls and 
teachers with abnormal throats living in a school in which several cases 
of diphtheria had occurred, and discovered diphtheria bacilli in the throats 
of 19 (121%). Denny (1900) examined 190 boys in a truant school 
where there were 10 cases of diphtheria, and found 16 with diphtheria 
bacilli. Of these 15 lived in one house (9 /). Gabritschewsky (1901) 
in one school outbreak examined 66 healthy children, and found that 21 
of them were harbouring diphtheria bacilli (31°8°/). After another 
school outbreak he examined 230 scholars on their return to the school, 
which had been closed for two months. 10 harbouring virulent diph- 
theria bacilli were discovered (43 7%). Graham-Smith (1902) in an 
epidemic at Colchester found 54 (10°4°/) persons out of 519 examined 
harbouring diphtheria bacilli. All these persons were school children 
or persons connected with schools. Morphological and cultural methods 
were relied on, as no tests for pathogenicity could be undertaken there. 
In 1904 Graham-Smith examined several schools during an outbreak 
of diphtheria at Cambridge with the following results :— 


Notified persons with diphtheria Contacts infected with diphtheria 
bacilli bacilli 
No. of persons —__ —___47_—__—___,_ -———__ -—____""_ —_—_—-~ 
School examined Virulent Non-virulent Virulent Non-virulent 


St Matthew’s School 


Infants (March) 317 13, (4:15)) 0 12", (3°7 °/,) 4 (1°2°/,) 
oa NOY.) 59 6 (10-2 ge eG 0 4 (6:7 “o fea ule 0 
Girls 132 3 (2°29) 0 5 (3°85) be eri 
Catherine Street School 
Class i 47 0 0 0 0 
ii 103 0 0 Pea: 32s.) 0 
iii 64 2 (3°21 9),) - 6/5 0 7 (10°9.9/,) -3:1 9/, 1 (1:5 °/,) 
iv 63 0 0 2 (3:1%,) 2 (3°1°/,) 
Vv 41 0 } 0 0 0 
Sturton Street School 125 3 2°49), 0 2 16°), 1 
Abbey School 33 0 0 0 1(3°;) 
New Street School 43 0 0 0 1 (23 °/,) 
Park ,, A 20 1 (5°) 0 0 0 
Ross _,, As 47 1 (2°1*/,) 0 0 0 


Lon 


ae) oo 
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Thomas (1904) during 29 school outbreaks examined 1027 children from 
infected classes in the public schools, and discovered amongst them 
77 with diphtheria bacilli (75 7%). Fibiger (1897) discovered 10 
persons harbouring typical diphtheria bacilli out of 134 in an infected 
school (7°47). All the infected contacts shared the rooms of the diph- 
theria patients and were as a rule the next neighbours. Loeffler (1894) 
discovered virulent diphtheria bacilli in the throats of four out of 160 
school children, examined at a time when diphtheria was prevalent 
(25%). Pennington (1907) recently examined by means of cultures 
375 apparently normal children from the public schools of Philadelphia. 
Diphtheria seems to have been prevalent in the city at the time. 
Typical diphtheria bacilli were found in the throats of 40 (937). 
Aaser (1895) during an outbreak in a cavalry regiment examined 89 
well persons and found diphtheria bacilli, all of which were virulent, 
in 17 (19%). Golowkoff (1898) examined 70 cadets during a small 
outbreak and found diphtheria bacilli in four (5:7 7%). 


(e) Contacts not in the above classifications. 


Denny (1900) examined 50 contacts and discovered diphtheria 
bacilli in 6 (12%). Meade Bolton (1896) amongst 214 persons who 
had been previously exposed to diphtheria found the virulent bacilli in 
45°5°/, and Chapin (1902) found diphtheria bacilli in the throats of 
16°/ of persons exposed to the disease. Maude (quoted by Lack, 
1899) found diphtheria bacilli in 89 (41%) out of 214 exposed persons. 
Goadby (1900) obtained cultures from 586 children of the Poplar 
Union School in which 21 cases of diphtheria had previously occurred. 
He found in 190 cases (382°4°/) bacilli morphologically identical with 
diphtheria bacili. This observation cannot be included amongst the 
others on school contacts since virulent diphtheria bacilli were found 
in the milk, and many of those showing diphtheria bacilli probably 
acquired them from the milk rather than by contact. 


Table showing the results of investigations on the infection of healthy 
contacts with diphtheria bacilli. 


No. of persons No. of infected Percentage of 
Names of observers examined persons found infected persons 
Infected families. 

Cobbett (1901) 9 9 100 

Park (1892) 4 4 100 

Scheller (1905) 16 14 87°5 

Spirig (1899) 9 6 66-6 f 26 "o 
Williams (1896) 5 3 60 


Park and Beebe (1894) 48 24 50 
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Table showing the results of investigations on the infection of healthy 
contacts with diphtheria bacilli (continued). 


No. of infected 
persons found 


Percentage of 


No. of persons 
infected persons 


Names of observers examined 


Persons attending on the sick. 


Richmond and Salter (1898) 129 62 48 | 37 0] 

Pugh (1902) 56 7 PS 
Relatives of the sick. 

Scheller (1905) 284 108 38 29 0/ 

Kober (1899) 128 15 11:7 F 
Hospital wards and Institutions. 

Lister (1898) 125 61 48) 

Minnesota Board (1900) 

(Bethany Home) 242 69 28 

Johannessen (1895) 38 7 19°5 

Miiller (1897) 90 14 16 

Soerensen (1898-9) 2187 274 12°5 \ 44 1, 

Graham-Smith (1904) 48 6 12 

Park and Beebe (1895) 55 6 11 

Gross (1897) 314 24 76 

Minnesota Board (1900) 

(Faribault) 50 3 6 

Chatin and Lesieur (1900) 75 2 2°6 
Schools, 

Crowley and Eurich (1904) 93 42 45 \ 

Peck (1901) 100 31 31 

Cobbett (x. 1901) 63 13 20 

Aaser (1895) 89 17 19 

Minnesota Board (1900) 225 30 13 

Berry and Washbourn (1900) 148 19 12 

Gabritschewsky (1901) 296 31 10 

Graham-Smith (1902) 519 54 10 (eee 

Pennington (1907) 375 40 Nee a! 

Denny (1900) 190 16 9 | 

Thomas (1904) 1027 77 75 

Fibiger (1897) 134 10 74 

Golowkoff (1898) 70 4 5 | 

Graham-Smith (1904) 1018 42 4 | 

Cobbett (1v. 1901) 650 19 3 | 

Loeffler (1894) 160 4 2°5 /) 
Other Contacts. 

Meade Bolton (1896) 214 97 45°5 

Maude 214 89 41°5 7 36%, 

Denny (1900) 50 6 12:0 


Infection probably through both milk supply and contact. 


Goadby (1900) 
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Summary. 


From the statistics, which have been collected, it can be seen that 
the proportion of infected contacts depends to a great extent on their 
relationship to the diseased persons. Amongst the members of infected 
families in which no precautions are taken to isolate the sick, the 
proportion of infected contacts may be very high, whilst in families in 
which every precaution is taken the proportion may be as low as 10 ee 
More distant relatives as well as persons attending on the sick may 
become infected in large numbers. 

The observations on the inmates of hospital wards and institutions 
show that a considerable number of such persons are lable to become 
infected, when the disease breaks out amongst them. Amongst the 
scholars of infected schools the proportion of children who acquire 
diphtheria bacilli by contact is naturally smaller, since the opportunities 
for infection are not so great. Nevertheless, as some of the observations 
which are quoted show, a high proportion may become infected if little 
check is placed on the spread of the disease, 

The statistics quoted on close contacts, namely members of infected 
families, relatives, and attendants, show that amongst such persons 
36°6 vA are liable to become infected, while the mean infection amongst 
inmates of hospital wards and institutions is 14°/,and amongst scholars 
of infected schools 8°7 7/. 

It must be remembered, however, that in these statistics several 
factors have not been taken into account, which have a great influence 
on the results. Amongst these are the regulations which are in force for 
isolating the sick, as soon as they develop the disease, and for keeping 
them isolated until the diphtheria bacilli have disappeared from their 
throats and noses. The number of mild unrecognised cases, which are 
not isolated and go about spreading infection, also exerts a great influence. 
Again in hospital wards and schools it is generally found that those 
most exposed to the sick persons by being placed near them for 
considerable periods are the individuals amongst whom the proportion 
of infection is highest, so that when these persons only are examined 
the proportion of infected contacts amongst these classes is raised. 

The investigations on the virulence of diphtheriia bacilli in contacts 
are given at length in Chapter VI, where it is shown that a very 
large proportion of these persons harbours fully virulent bacilli. In two 
classes (c and d) the inoculation experiments which have been carried 
out showed that 66°/ and 81°/ respectively of the strains tested were 
virulent. 
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III, The distribution of diphtheria bacilli amongst healthy persons, 
who have had no opportunity of acquiring them by contact. 


Throughout the literature on diphtheria statements are frequently 
to be met with which indicate that the authors consider that virulent 
diphtheria bacilli may be encountered in a certain proportion of healthy 
individuals, who have not recently been exposed to persons suffering 
from the disease, or to infected contacts. 

Reliable observations on this point, however, are very few, since 
many of the investigators have not gone to the trouble of isolating and 
testing the organisms which they have found, but have based their 
diagnoses on the morphology of the bacilli in culture; nor have they 
usually made special inquiries into the possibility of recent contact. 

Observations of this kind can only indicate in what proportion of 
persons organisms, more or less resembling diphtheria bacilli, occur, but 
no conclusions as to their power of transmitting the disease can be 
made. Nevertheless some observers have drawn far-reaching conclusions 
from the results of these experiments, even to the extent of stating that 
one out of every seven normal children amongst the community harbour 
diphtheria bacilli in their throats, and are therefore a possible source of 
danger. 

In considering these observations, therefore, those which rely for 
the most part on the morphology in culture without reference to the 
possibility of recent contact, are separated from those which are based 
on a thorough examination of the organisms found, including the test 
on animals, together with inquiries into the antecedents of the infected 
persons. 


(a) The following statistics are for the most part based on observations 
relying on the morphology in culture alone. 


Baurowicz (1895) examined the nasal secretion in 50 persons, 40 of 
whom were suffering from various diseases, but found no diphtheria 
bacilli. 

Besser (1889) also examined the nasal secretion of 57 normal persons 
without finding diphtheria bacilli. 

Beck (1890) made observations on the throats of 66 healthy children 
and 64 suffering from various diseases without finding diphtheria bacilli, 
and Zarniko (1890) examined with the same results 18 throats of 
normal, and 22 of diseased, persons. 
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Neumann (1902) found no diphtheria bacilli in the noses of 111 
normal persons, but found one amongst 87 persons suffering from non- 
diphtheritic nasal diseases. 

Goadby (1900) examined 100 children in a school in which there 
had been no clinical cases of diphtheria for two years, and found 
18 children harbouring diphtheria bacilli, of whom 14 had unhealthy 
throats.. Diphtheria, however, seems to have been prevalent in the 
neighbourhood. 

Parkes (1903) made cultures from 814 children admitted into the 
Chelsea Hospital and found diphtheria bacilli in 88, and Hewlett and 
Murray (1901) on examining 385 children admitted into the Victoria 
Hospital found diphtheria bacilli in 58. 

Park and Beebe (1895) considered that at the time of their ex- 
aminations virulent diphtheria bacilli were present in 17% of the 
healthy throats in New York. They remark, however, that diphtheria 
was rather prevalent at the time, and express the belief that “most 
of the persons in whose throats they exist have been in direct contact 
with cases of diphtheria.” 

The Committee of the Massachusetts Board of Health (1902), in 
their “ Report on diphtheria bacilli in well persons,” give tables showing 
the results of the examination of 4250 well persons, mostly from insti- 
tutions and schools. These observations are almost entirely confined 
to the morphology of the bacilli in culture. The results in detail 
are given in the following table :— 


No. of No. of Percentage 
persons persons of persons 


Place examined examined infected infected Remarks 

Ontario 50 0 0 Patients and attendants in general hospital. 

Newton 63 0 0 Women students in Wellesley College. 

Springfield 185 0 0 64 school children, 121 prisoners. 

Providence 927 t 0:43 541 school children, 376 tramps, 10 smallpox 
patients. 

Waltham 297 2 0°67 

Lowell 250 2 0°8 Cotton-mill hands. 

Washington 221 2 0-9 Mostly hospital patients. 

Boston 892 27 3°0 Adults in prison and pauper institutions. 

Orphan Asylum 65 2 3°0 

Brookline 129 3 2°3 School children 

Willard Hospital 82 3 3°6 a a 

Owatonna 247 13 5:2 as is All these persons were 

Park Rapids 316 aly 5°3 Children and adults } more or less exposed 

Red Wing 382 22 5:7 ey 9 to diphtheria. 

Old Ladies Home 42 5 11:9 ar 7 


Bethany Hospital 102 21 20°5 3 9 
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Amongst these 4250 persons 2°89 %/ harboured morphologically 
typical diphtheria bacilli. It can be seen, however, that the last seven 
sets ought more properly to be placed amongst contacts. Excluding 
these sets 2955 persons, apparently non-contacts, were examined and 
39 (13%) showed diphtheria bacilli in their throats. Of these 39 
strains of morphologically typical diphtheria bacilli, 12 were tested 
on animals, and all proved to be non-virulent. Seventeen strains of 
uniformly staining bacilli were also tested, and three proved to be 
virulent, all of which were obtained from Providence. Consequently 
no morphologically typical virulent bacilli were found amongst 2028 
of these non-exposed persons from eight different places, whilst 
amongst the remaining 927 from Providence virulent but atypical 
diphtheria bacilli were found in 0°3 %, 

Even if the persons more or less exposed to diphtheria are included, 
the proportion of virulent bacilli observed is found to be very small. 
Altogether 4250 persons, exposed and non-exposed, were examined, 
and in the throats or noses of 123 morphologically typical diphtheria 
bacilli were discovered (A, C, and D types of Wesbrook). Of these 
strains 41 were tested on animals and two (5/) proved to be virulent 
(Brookline), and 39 (95°/) non-virulent. Of 30 uniformly staining 
types 27 were non-virulent and three virulent (Providence). One 
barred form was also examined and found to be non-virulent. Only 
7% therefore of all the bacilli tested were found to be virulent. If 
the proportion of virulent forms was the same amongst the strains 
which were not tested only ‘14% of all these persons harboured virulent 
diphtheria bacilli. 

In considering the results of Hewlett and Murray and of Parkes, 
the results of the Massachusetts Committee and the conclusions of 
Pennington (1907) and of Pugh (1902) must be borne in mind. The 
latter observer considers that “in large centres of population, where 
diphtheria always exists, diphtheria bacilli are to be found in a not 
inconsiderable proportion of school children. In the absence both of 
the evidence of clinical diphtheria and of a history of exposure to 
that affection, the bacilli are, in the majority of cases, of a non-virulent 
or saprophytic type and of little hygienic importance ; in cases on the 
other hand, where the clinical supports the bacteriological examination, 
the bacilli are almost certainly virulent, and therefore dangerous; while 
in cases where the patient is known to have been exposed to infection 
the chances are great that the organisms are of the pathogenic variety, 
and such cases should always be regarded with grave suspicion.” The 
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Massachusetts Committee (1902, p. 21) also came to a similar conclusion. 
They say “that if a healthy person is found to have Klebs-Loeffler 
bacilli, and there is no connection traceable between that person and 
a case of diphtheria, the chances are very much in favour of the bacilli 
being non-virulent.” Pennington (1907), as the result of a considerable 
number of inoculation experiments, comes to the conclusion “that 
the organisms found in the throat of a well person are, in the majority 
of cases, without virulence.” 

Hewlett and Murray only examined three cultures for virulence, and 
found that while two were non-virulent the other was only slightly 
virulent. 

The following table shows the prevalence of diphtheria bacilli 
amongst normal persons and others suffering from non-diphtheritic 
diseases, as ascertained by investigations in which few inquiries appear 
to have been instituted as to the possibility of recent contact, and in 
which the virulence of the organisms found was seldom tested : 


Morphologically 


typical Bacilli Virulent Non-virulent 
Persons diphtheria tested for diphtheria diphtheria 
Observer examined bacilli virulence acilli acilli 
Massachusetts Committee! 

(1902) 2955 39 12 0 12 
Hewlett and Murray (1901) 385 58 3 1 2 
Parkes (1903) 814 88 0 -- -- 
Goadby (1903) 100 18 0 — — 
Neumann (1902) 198 i 0? — — 
Baurowicz (1895) 50 0 0 — a 
Beck (1890) 130 0 0 — — 
Zarniko (1890) 40 0 0 — — 
Besser (1889) 57 0 0 -- — 

4729 204 (4°3 °/,) 15 1 14 


This series of observations shows that organisms morphologically 
resembling diphtheria bacilli in all respects are to be found in the 
mouths and noses of a small proportion of the normal population. 
The few inoculation experiments which have been carried out tend 
to prove, however, that the great majority of these bacilli are non- 
virulent, and therefore probably incapable of giving rise to diphtheria 
in man. 


1 In the table the more or less exposed persons have been omitted. The virulence tests 
on those organisms which the Committee did not consider typical have also been omitted. 
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(b) The following statistics only include those in which the suspicious 
organisms have been tested and in which careful inquiry was 
made as to the possibility of recent contact. 


Kober (1899) examined 600 healthy school children from 14 different 
classes, and discovered diphtheria bacilli in 15. Of these 15 twelve 
had fairly recently come in contact with the disease, and five of them 
harboured virulent bacilli. The remaining three, from whom no history 
of contact was obtainable, showed non-virulent bacilli (non-contacts 
with virulent bacilli 0 /). 

Denny (1900) examined 235 healthy individuals (216 children and 
19 adults), a large proportion of the well-to-do classes. He only once, 
in a school girl, found the diphtheria bacillus. So far as was known 
the girl had not been in contact with a case of diphtheria, and the 
bacilli were so few that a pure culture could not be obtained (47). 

Cobbett (1901) examined 43 healthy school children, and found no 
diphtheria bacilli. In some recent investigations, which have not yet 
been published, this author examined cultures from the throats of 
91 boys in a reformatory school, isolating and testing for virulence 
all the diphtheroid organisms, typical and atypical, which were found. 
Only in the case of a boy who had just joined the school were diphtheria 
bacilli found. The other 90 had not been in contact with the disease 
and no diphtheria bacilli were found in their throats (see also p. 212). 

Park and Beebe (1895) examined 275 persons, chiefly hospital 
patients. Diphtheria bacilli were obtained in pure culture from 26 
of them, but 23 cultures proved to be non-virulent. The presence 
of one of the three virulent examples was accounted for by recent 
contact, and the other two occurred in adults attending the New York 
Dispensary at a time when diphtheria was prevalent in the city. 

Pugh (1902, p. 296) examined the throats of 415 unselected scarlet 
fever patients admitted into the North-Eastern Fever Hospital, who 
showed no clinical signs of diphtheria. In the throats of 17 diphtheria 
bacilli were found. Of these strains five were inoculated into animals 
and found to be completely non-virulent, and since the others occurred 
under the same conditions Pugh assumed that they were non-virulent. 

Graham-Smith (1903) made cultivations from the throats of 362 
healthy non-contacts, and in one case found non-virulent diphtheria 
bacilli. 


N. D. ls 
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Pennington! (1907) examined 125 school children from non-infected 
schools in Philadelphia. Thirteen harbouring diphtheria bacilli were 
found. Of these strains 11 (86°4°/) were non-virulent, and two virulent. 
In the latter the evidence excluding the possibility of contact is not 
very satisfactory. 

In another set of investigations 16 strains were obtained from 
non-contacts of which 11 (69%/) were non-virulent. As diphtheria 
was prevalent at the time the pathogenic strains may have been derived 
by contact. 

The following table shows the results of observations on normal 
throats in which careful inquiries were instituted as to the possibility 
of recent infection, and in which the majority of the suspicious 
organisms were isolated and tested for virulence. 


Persons harbour- Persons harbour- 

No. of non-exposed ing virulent ing non-virulent 

Observer persons examined diphtheria bacilli diphtheria bacilli 
Park and Beebe (1895) 274 2 23 
Kober (1899) 588 0 3 

Denny (1900) 235 0 1:2 
Cobbett (1901) 43 0 0 
Cobbett (unpublished) 90 0 0 
Pugh (1902) 415 0 17 
Graham-Smith (1903) 362 0 1 
Pennington (1907) 125 2 11 
2132 4 (-18 °/,) 56 (2°62 °/,) 


Persons found on inquiry to be recent contacts have been excluded 
from this table. 

Remembering the great difficulty often met with in ~ prosecuting 
inquiry amongst school children, and the class of persons from whom 
hospital cases are drawn, and amongst whom these investigations were 
principally conducted, these figures are very striking, and in the 
absence of further evidence undoubtedly point to the conclusion that 
virulent diphtheria bacilli are seldom, if ever, present in the throats 
of healthy persons who have not recently been in contact with cases 
of diphtheria or infected contacts. 


1 This observer usually inoculated at least two guinea-pigs with bacilli obtained from 
different cultures from each child, making use of bacilli scraped from the surface of the 
serum. He gives very full tables relating to the possibility of contact in each case. 
The figures here given are derived from these tables omitting two or three cases in which 
the data are insufficient. 


>) ae 


Bi des 
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The Distribution of Non-virulent Diphtheria Bacilli amongst 
Contacts and Non-contacts. 


In the last section it has been shown that non-virulent diphtheria 
bacilli are to be found in the throats of about 26% of healthy individuals, 
who have not been exposed to the disease. The observations of Pugh 
(1902) and of the Massachusetts Committee (1902) show that they are 
also to be found in the noses of such persons. The former obtained from 
the nasal cavities of 414 scarlet fever patients on admission to hospital, 
who showed no evidence of faucial diphtheria or fibrinous rhinitis, 
33 bacilli morphologically indistinguishable from the diphtheria bacillus. 
Of these six cultures were tested on guinea-pigs and all proved to be 
non-virulent. 

Observations relating to the occurrence of non-virulent diphtheria 
bacilli amongst contacts are not very numerous. Cobbett (Iv. 1901) 
tested the virulence of several strains of diphtheria bacilli which he 
obtained from healthy contacts. In one outbreak he found 19 out 
of 650 persons, who had been more or less exposed to the disease, to 
be harbouring diphtheria bacilli, Nine cultures were tested for 
virulence, and three were found to be non-virulent. In another out- 
break (x. 1901) he examined 63 children from an infected school, 
and found diphtheria bacilli in ten. Of these ten strains four were 
non-virulent. At least seven persons therefore (0°9'/) out of 713 
harboured non-virulent diphtheria bacilli. 

Amongst 1200 persons, more or less exposed to diphtheria, and 
who were not harbouring virulent diphtheria bacilli, the writer 
(Graham-Smith, 1904) found 15 who showed non-virulent organisms, 
morphologically and culturally indistinguishable from diphtheria bacilli 
(12%). Pennington (1907) found 19 (57%) non-virulent strains on 
cultures from the throats of 375 school children, most of whom were 
attending infected schools. In these three sets of observations nearly 
2300 exposed persons were examined, and at least 41 harbouring 
non-virulent diphtheria bacilli discovered (1°7 //). 

It would appear, therefore, that in the mouths of 1—2/ of healthy 
persons, whether recently exposed to diphtheria or not, non-virulent 
diphtheria bacilli are to be encountered. These figures lend some 
support to the view, which has been occasionally advanced, that some 
at least of the so-called non-virulent diphtheria bacilli belong to a 
separate saprophytic species, though at present they cannot be dis- 
tinguished by morphology or culture from true virulent diphtheria 
bacilli. 

13—2 
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The Distribution of Diphtheria Bacilli in the Noses of Healthy 
Persons. 


It is undoubtedly the case that a certain proportion of persons may 
become infected in their noses and not in their throats. In examina- 
tions of contacts conducted on the throat only, such persons would 
be missed. The observations on this point are not very numerous, 
and the principal records are tabulated below. 


Table showing the proportion of persons infected with morphologically 
typical diphtheria bacilli in the nose, the throat being free. 


No. of Persons 
persons infected in 
Observer examined the nose only Percentage 
Contacts. (Hospital wards and Institutions.) 
Gross (1897) 314 ily 53 
Minnesota Board (1900) 
Bethany Home 242 19 76 
Faribault 50 1 2°0 
Massachusetts Committee (1902) 6:3 "/o 
Willard State Hospital 82 2 2°4 
Bethany Hospital 102 11 10°7 
Old Ladies Home 42 3 tha 
Schools. 
Minnesota Board 
Owatonna 40 1 2°5 
Mankato 30 0 0 
Albert Lee 24 0 0 
Faribault 57 0 0 
Massachusetts Committee 1:90 )s 
Brookline 129 il 0-7 
Owatonna 247 6 2°0 
Red Wing 382 5 1:3 
Park Rapids 316 11 3°5 
Non-Contacts. 
1 Besser (1889) 57 0 0 
1 Baurowicz (1895) 50 0 0 
1 Lack (1899) 100 13 13 
1 Neumann (1902) 198 1 0°5 
Pugh (1902) 414 23 55 
Massachusetts Committee 
Ontario 50 0 0 
Newton 63 0 0 715% 
Springfield 185 0 0 
Washington 221 0 0 
Lowell 250 2 0°8 
Waltham 297 2 06 
Providence 927 4 0°4 
Boston 892 13 15 | 
Orphan Asylum 65 1 15 
5,826 136 2°33 


1 Simultaneous cultures from the throat were not made in these examinations. 
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In regard to these observations the virulence experiments of the 
Massachusetts Committee have already been quoted. Pugh’s experi- 
ments are of especial interest in that his observations were made on 
unselected cases of scarlet fever on admission into hospital, who showed 
no clinical evidence of diphtheria. Three of his 28 strains of bacilli 
were inoculated into guinea-pigs, and all were found to be non-virulent. 


Conclusions on the Distribution of Diphtheria Bacillr. 


The various records which have been quoted in the preceding pages 
show that only about 71°/ of the persons notified as suffering from 
diphtheria show any bacteriological evidence of the disease. The pro- 
portion of those healthy persons who become infected with diphtheria 
bacilli by contact with patients, and yet do not suffer from diphtheria, 
depends largely on the intimacy of their connection with the patients, 
varying from a mean of 66% in members of the family, if the conditions 
for spreading are favourable, to a mean of 87% in the less closely 
connected scholars in infected schools. The great majority of the 
bacilli which have been isolated from these contacts and tested on 
animals have been found to be virulent (see p. 231). 

In the throats and noses of healthy persons, who have had no 
opportunity of acquiring them by contact, virulent diphtheria bacilli 
are very rarely found, but bacilli resembling them in morphology, but 
differing in being totally without virulence for guinea-pigs, are more 
common (2°6 7). Even amongst recently exposed persons such organisms 
are to be encountered in a small percentage (1°7 /). 


Summary of Chapter IV. 


The diphtheria bacillus, as obtained from young cultures on serum, 
is met with in several morphological types, differing mainly in staining 
peculiarities, but resembling each other in their general features. Long, 
medium, and short forms are found. None of these types are absolutely 
peculiar to the diphtheria bacillus, since organisms indistinguishable in 
morphology have been reported from various sources. The majority of 
diphtheria bacilli from young serum cultures show polar bodies. The 
presence of polar bodies does not indicate virulence, nor does their 
absence indicate a lack of virulence. Similar polar bodies have been 
found in several other organisms. So far as the investigations on 
the subject have been carried the “ snapping” type of fission movement 
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is peculiar to the diphtheria group of organisms. Many cultures of 
diphtheria bacilli show branching forms. Diphtheria bacilli are non- 
motile, and do not form spores under any known conditions. Cultures 
of diphtheria bacilli do not show any specific characters by which they 
can be separated from all other diphtheroid organisms. The most 
important characters are the production of a marked acid reaction 
in media to which glucose has been added, an invisible growth on 
potato, and the formation of a granular deposit in broth. The growths 
obtained on serum and agar are also helpful in diagnosis. The morpho- 
logical and cultural characters therefore of the diphtheria bacillus, while 
of great service in distinguishing it from other diphtheroid organisms, 
are none of them absolutely characteristic. The diphtheria bacillus 
does, however, differ from all other known organisms in producing a 
specific toxin, whose action on animals can be neutralised by antitoxin. 
The bacilli themselves, or their products, when injected subcutaneously 
into guinea-pigs give rise to specific lesions. — Bacilli, indistinguishable 
from true virulent diphtheria bacilli, occur, which are entirely non- 
pathogenic to laboratory animals. They are commonly regarded as 
diphtheria bacilli which have for some reason lost their virulence, and 
are termed attenuated or non-virulent diphtheria bacilli. Between 
the fully virulent and the totally non-virulent diphtheria bacilli races 
of varying degrees of virulence have been isolated, but the occurrence 
of such races is probably much rarer than has commonly been supposed. 

Diphtheria bacilli in a moist condition are killed by an exposure 
to a temperature of 58°C. for ten minutes, but in a dried condition, 
or when enclosed within membrane, they exhibit considerable powers 
of resistance. They are capable of multiplying very rapidly in raw milk. 

Diphtheria bacilli are found in about 71 °/ of the cases clinically 
diagnosed as diphtheria, and occur in a varying percentage of persons 
who have been exposed to the disease, depending on the intimacy 
of their relation to the sick. Although non-virulent diphtheria bacilli 
are occasionally found in the throats and noses of persons who have 
not recently been exposed to the disease, virulent diphtheria bacilli 
are rarely or ever encountered under such conditions. 

Note.—Sholley (15. vi. 07) has recently recorded observations on 1000 children, 
mostly living in tenement houses, who came for treatment to the New York 
hospitals, “As far as possible inquiry into immediate and recent exposure was 
made and noted, and no child suffering from an angina or anything suggesting a 


sore throat, nasal discharge or laryngitis, was included in the series. Eighteen 
showed virulent diphtheria bacilli (1°8°/)) and 38 non-virulent (3°8 °/0). 


CHAPTER V. 


THE PSEUDO-DIPHTHERIA OR HOFMANN’S BACILLUS. 


Morphology. Reaction to staining agents. Involution forms. Appearances 
at different stages of growth. Post-fission movements. Branching forms. 
Influence of temperature. Cultivation on artificial media, serum, agar, 
gelatin, potato, broth, milk, litmus whey. Indol production. Virulence. 
Distribution. Seasonal prevalence. Summary. 


The Pseudo-diphtheria or Hofmann’s bacillus. 


It has been already briefly pointed out that the term pseudo- 
diphtheria bacillus has been made use of by various writers to 
include several species of bacilli Some have included under this 
term all diphtheria-like bacilli differing in any respect from typical 
diphtheria bacilli. Others again seem to have restricted it to the 
non-virulent diphtheria bacillus. Finally, many writers have used it 
to indicate the short, non-pathogenic, non-acid forming bacillus of 
Hofmann. In this and the following chapters the term will only be 
used in the latter sense. 

The bacillus of Hofmann, or pseudodiphtheria bacillus, is frequently 
found in the healthy and diseased buccal and nasal secretions. 


The Morphology of Hofmann’s bacillus. 


A. In smear preparations from the buccal and nasal secretions the 
morphological characters of Hofmann’s bacillus are much the same as 
in preparations made from serum cultures, but the organisms are found 
lying scattered over the field without any special relation to one 
another. They are occasionally found enclosed within cells. 

B. In culture. Arrangement. Preparations made from cultures 
grown on Loeftler’s or other serum media show the bacilli usually 
arranged in small groups of several individuals generally lying parallel 
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to each other. Similar lines of parallel bacilli are frequently found 
close to each other, but disposed at various angles. Separate individuals 
or small clumps without any parallel arrangement are not infrequently 
seen. According to the experience of the writer, the parallel grouping 
just described is particularly characteristic of this organism. Chains 
are never formed (Pl. XV, fig. 2). 

Size. This organism is generally much shorter than the common 
forms of the diphtheria bacillus, but forms as long as medium length 
diphtheria bacilli are occasionally present even in young cultures. 
The length of typical examples of Hofmann’s bacillus varies between 
1—1'5 p. 

Shape. The typical Hofmann’s bacillus appears as a short, straight, 
oval bacillus, with rounded ends, and one median, lightly stained 
transverse septum. In proportion to its length it is much broader 
than the diphtheria bacillus, and the widest part, which is about equal 
to 1/8 of the length, is at the middle. Colonies are not infrequently 
found in which the bacilli are rather longer, and relatively narrower 
than those described, but resemble them in all other respects. 

A few individuals are occasionally met with even in young colonies 
which are longer than the ordinary forms and have more than one 
unstained septum, and may have several. Some colonies have a fair 
number of such individuals (Cobbett, 1901, p. 239), and more rarely 
colonies are encountered in which nearly all the bacilli are of this 
form (Graham-Smith, 1903, p. 230). Some of these forms are clubbed 
and often slightly curved, but are broader and take the stain more 
deeply than diphtheria bacilli. The stained segments are very dark 
and well defined and the septa are narrow and run in all cases 
transversely across the bacilli (Pl. XV, fig. 1). In subcultures such 
forms revert to the typical short form of Hofmann’s bacillus, and 
behave like it in all cultural characters’. In cultures of typical 
Hofmann’s bacilli over 24 hours old the proportion of segmented and 
long forms is frequently, but not always, increased. Sometimes after 
48 hours’ growth the bacilli are even shorter than they were at an 
earlier period. 

Staining of the protoplasm. With Loeffler’s methylene blue (full 
strength or diluted 1:5), these bacilli stain darkly and, with the 


* On serum media the longer forms are only to be met with in cultures taken direct 
from the throat, when the morphological characters may possibly be influenced by the 


presence of other organisms or of mucus. Young pure cultures from all such forms show 
only the oval type. 
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exception of the medium septum, evenly. The septum or, in the case 
of the long forms, the septa are only very slightly stained in the 
majority of cases. Sometimes bacilli are found which stain uniformly 
without a median light septum. When mounted by Cobbett’s method 
(see p. 144) in dilute methylene blue solution, almost entirely unstained 
specimens, like shadows of bacilli, are always to be seen amongst 
the darkly stained specimens. In young cultures metachromatic 
granules (polar bodies) are rarely encountered in any of the forms, 
but occasionally a bacillus may show one or two very small polar bodies, 
and very rarely a considerable proportion of the bacilli may do so. 

In cultures 36 or more hours old polar bodies are occasionally 
found, especially in the enlarged forms. These, however, are seldom 
as sharply defined as in diphtheria bacilli, and are frequently ovoid or 
elongated instead of round. Stained by Neisser’s and other special 
methods the bacilli in young cultures show no polar bodies except 
under the conditions just mentioned. The capsules may be demon- 
strated by Boni’s (1900) method. 

Involution Forms. Some old cultures of Hofmann’s bacillus show 
numerous and well marked involution forms, others do not. In some 
cultures, even after prolonged cultivation in broth or on agar, the 
majority of the bacilli remain short, though they may show more than 
one light band, and very few long forms are to be found. In other 
cultures, however, a large number of long and enlarged bacilli may 
occur under these conditions. Some of the long forms resemble those 
described as occasionally occurring on young serum cultures, other giant 
forms may be very long, thick, curved, clubbed and segmented, others 
again may be oval or pear-shaped. In fact some old cultures of 
Hofmann’s bacillus so closely resemble old cultures of the diphtheria 
bacillus as to be scarcely distinguishable. 


Morphological appearances of the Hofmann’s bacillus at various 
periods of growth on serum. 


Deuny (1903) studied cultures on serum tubes incubated at 36°C. 
by means of stained preparations made after 4, 8, 12, 15, 24, 36, and 
48 hours’ growth. He found that no changes in shape and size took 
place up to 36 hours, but sometimes after 48 hours’ growth the bacilli 
appeared even shorter than they were at first (p. 132, Pl. IX, figs. 5, 6). 
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Post-fission movements. 


Hill and Rickards (1903) studied the method of division in 
Hofmann’s bacilli, and stated that “snapping” occurred as in diphtheria 
bacilli and that the post-fission movements were very similar. 


Branching forms. 


Abbott and Gildersleeve (1903) studied a number of cultures, but 
never observed branching even when the method most favourable to 
its exhibition by genuine diphtheria bacilli was employed, nor have 
branching forms been described by any other authors. 


The influence of temperature in relation to the growth of 
Hofmann’s bacillus on artificial media. 


Hofmann’s bacillus begins to develop at a lower temperature (18° C.) 
than the true diphtheria bacillus, and growth is more luxuriant. In 
other respects the conditions of temperature affecting its growth are the 
same as in the case of the diphtheria bacillus, 

The thermal death point in liquid media is 58° C. for ten minutes. 


Cultivation on artificial media. 


Hofmann’s bacillus is non-motile, without flagella, and does not 
produce spores under any known conditions. 

Loeffler’s serum. Hofmann’s bacillus grows very rapidly on Loeffler’s 
serum at 36—37°C. After 18—24 hours’ incubation the colonies are 
small, rounded, elevated, and usually pure milk-white in colour. They 
have a shiny, moist surface and a distinct margin, and are usually 
discrete, though in crowded cultures the colonies show some tendency 
to run together. As compared with those of the diphtheria bacillus, 
the colonies are much whiter, softer, and larger, and usually flatter. 
Indentation of the margin or radial fissuring can rarely be seen even 
with the aid of a simple lens. Growth between 24 and 48 hours is 
usually much more rapid than that of the diphtheria bacillus, the colonies 
attaining considerable dimensions during this period. In old cultures 
similar changes take place in the colonies as in the case of the diphtheria 
bacillus, they become larger and flatter and lose their shining appear- 
ance and concentric rings and radial striae can be seen on the surface. 
At the same time the margins become irregular, and sometimes even 
daisy-shaped colonies are produced. 
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On alkaline serum the colonies in the early stages resemble closely 
those of the diphtheria bacillus, but are usually larger, and somewhat 
whiter. At a later period they can usually be distinguished by their 
whiter colour and larger size. Their general characters on this medium 
are the same as on Loeffler’s serum. 

The morphological characters on these media have already been 
described. 

Nutrient Agar and Glycerine Agar, At 37°C. Hofmann’s bacillus 
grows more luxuriantly than the diphtheria bacillus on agar, forming in 
24—48 hours large white, shining, moist, round, smooth, raised colonies 
with distinct margins without indentations. The colonies retain these 
characters during several days’ incubation, but gradually lose their 
moist and shiny appearance, and later become flatter and somewhat 
depressed in the centre. In crowded cultures there is some tendency for 
the colonies to coalesce. 

In stab cultures Hofmann’s bacillus produces a more luxurious growth 
than the diphtheria bacillus both on the surface and along the needle 
tract. 

Morphology. In the earlier stages of growth short oval forms only 
are found, but as growth progresses segmented forms become fairly 
common, and after a few days numerous involution forms may be seen. 

Gelatin. The colonies, produced after some days’ growth on gelatin, 
are very similar to those formed upon serum ; namely whitish, circular 
colonies, well separated from each other. Their surfaces are uniformly 
rounded and show little or no tendency to indentation of the margin 
or radial striation. When grown upon gelatin to which 1 / of glucose 
has been added they assume a more brilliant white colour, and show a 
tendency to become irregularly spiked at the margin. (Cobbett and 
Phillips, 1896.) Liquefaction does not occur. 

Hofmann’s bacillus grows more luxuriantly on this medium than 
does the diphtheria bacillus. In stab cultures growth occurs both on 
the surface and along the needle tract. 

Morphologically the bacilli resemble those from serum cultures. 

Potato. On potato a copious but invisible growth occurs like that 
of the diphtheria bacillus. In cover-glass preparations made from 
early potato cultures the oval form of the bacillus is found, but in older 
cultures giant, segmented, occasionally clubbed, forms are not rare. 

Broth. In ordinary broth incubated at 37° C. a good growth occurs 
somewhat similar to that of the diphtheria bacillus, but early diffuse 
clouding of the medium is more common. The tendency, as with the latter 
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organism, is for the cloud to become gradually deposited as fine granules 
on the sides and bottom of the test tube. Not infrequently a slight 
surface film may be formed. The reaction of the broth tends to become 
more alkaline and acid is never produced. 

Morphology. In broth cultures this bacillus more closely resembles 
the diphtheria bacillus than on other media. Here too the oval bacillus 
with one unstained septum predominates, but giant forms which closely 
resemble diphtheria bacilli are generally present also, and may be 
numerous. They are many times the length of the oval bacillus, 
often clubbed, and are rather thicker than the diphtheria bacillus. 

In glucose broth the growth is similar to that produced in ordinary 
broth, but the clouding is often more marked. Neither gas nor acid 
is ever produced, and in fact there seems to be even an increase in 
alkalinity. 

Sugars and carbohydrates. Hofmann’s bacillus does not produce 
acid even after prolonged growth in broth or Hiss’s medium containing 
glucose, lactose, maltose, galactose, saccharose, laevulose, dextrine, 
mannite, or glycerine. (Knapp 1904, Benham 1906, Hamilton and 
Horton 1906, Graham-Smith 1906.) 

In milk prepared as a culture medium a good growth occurs. The 
medium does not become acid, nor is it coagulated. Abundant growth 
occurs in litmus whey, but the medium remains alkaline. 

Indol. According to Hewlett (1901) old cultures of the Hofmann’s 
bacillus, like those of the diphtheria bacillus, produce skatol-carbolyxic 
acid, which has been mistaken for indol (see p. 164). 

Anaerobic cultures. According to Hewlett and Knight (1897, p. 14) 
Hofmann’s bacillus does not grow anaerobically in hydrogen. Most 
other writers, who mention the subject, state that growth occurs under 
the ordinary conditions of anaerobic cultures. 


Powers of resistance. 


No experiments appear to have been made on the powers of 
resistance of Hofmann’s bacillus to drying, cold, putrefaction, sunlight 
or disinfectants, or on its capacity for growth on various food substances. 


Virulence. 


Towards the ordinary laboratory animals, guinea-pigs, rabbits, rats, 
etc., Hofmann’s bacillus is not pathogenic, when injected subcutaneously 
or intraperitoneally even in large doses. With very large doses a slight 
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and transient oedema may be the result. According to some observers, 
however (Williams, 1902), guinea-pigs may succumb to the intraperi- 
toneal injection of enormous doses. 

Some writers have asserted that this bacillus is pathogenic for 
small birds of the finch and bunting families. (For an account of these 
experiments see p. 220.) 

The possibility of causing Hofmann’s bacillus to become virulent to 
guinea-pigs in small doses, its action on small birds, its power of 
producing toxoids in culture, and its agglutination by the sera of 
animals immunised to the diphtheria bacillus, are questions which are 
intimately bound up with its relationship to the diphtheria bacillus, 
and are discussed in the next chapter. 


The distribution of Hofmann’s bacillus. 


Nearly all observers are agreed that the Hofmann’s bacillus is to be 
met with in greater or lesser numbers in the throats and noses of 
persons recovering from diphtheria, and also of healthy persons. While 
some consider that they are more frequently discovered in the former 
class and contacts, others think that they are as common in healthy non- 
contacts, as in convalescents and contacts. The statistics on the subject 
are, however, extremely conflicting, partly owing to diverse opinions as 
to which organisms should be considered as pseudo-diphtheria or 
Hofmann’s bacilli, and partly to the different methods which have been 
adopted. Some investigators on the one hand have founded their 
impressions on observations dealing with certain limited classes of the 
community only, and on the other hand it is not uncommon to find 
statistics based on experiments which include without distinction 
members of the following classes: adults and children, non-contacts and 
contacts, healthy persons and those suffering from diseases of the nose 
and throat, persons chosen at random and those living under peculiar 
conditions in schools, institutions, asylums, and hospital wards. Again 
in very few cases has any attempt been made to separate persons 
belonging to the well-to-do classes from those belonging to the poorer 
classes. 

In the first of the following tables a considerable number of 
observations have been brought together, regardless of any of the above 
considerations, showing the percentage of healthy persons found to be 
infected in either the throat or nose, or both, with Hofmann’s bacillus. 
There is also added the percentage in each case of persons infected with 
diphtheria bacilli. The table shows that at least 32°/ of all these 
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persons were infected with Hofmann’s bacillus, and that the number of 
those infected with this organism bears no relation to the number 
infected with the diphtheria bacillus. 


Table (A) showing the total infection with Hofmann’s bacillus in the throat, 
or nose, or both, of contacts and non-contacts, adults and children. 


Percentage Percentage 
No. infected infected infecte 
with with with the 
Number Hofmann’s Hofmann’s diphtheria 
American observers examined bacillus bacillus bacillus 
Park and Beebe (1895) 330 27 8:1 9°7 
Minnesota Board (1900) 443 128 28°8 20°1 
Massachusetts Committee (1902) ! 
(1) In the East 3096 562 18°1 15 
(2) In Minnesota 1154 510 44:2 6:03 
5023 1227 24°4 
European observers 
Neumann (1902) 206 200 97°0 0 
Pakes (1900) 441 428 = OY 0 
Jacob (1905) 113 77 68 53 
Hutchens (1906) 87 49 57 
Pugh (1902) 420 234 55°7 159 
Lack (1899) 100 52 52 13°0 
Graham-Smith (1902-4) 2878 1346 46°7 7:2 
Cobbett (unpublished) 90 39 43°3 
Roux and Yersin (1890) 123 49 39 
Cobbett (1904)? 1724 673 39 
Chatin and Lesieur (1900) 75 22 30 2°6 
Hasslauer (1902) 82 23 28 0 
Thomas (1904) 1027 277 27 75 
Hewlett and Murray (1901) 385 92 23°9 15 
Berry and Washbourn (1900) 142 33 23 11°5 
Parkes (1903) 814 162 19°9 10°9 
Golowkoff (1898) 70 8 11:5 57 
Symes (1895) 82 12 14°6 14°6 
Fibiger (1895) 135 15 111 12 
Stein (1900) 86 7 81 0 
Sellner (1897) 103 7 68 0 
Escherich (1895) 320 13 4°0 4 
Garratt and Washbourn (1899) 666 21 32 
Hewlett and Thomson (1895) 103 0 0 0 
Peters (1896) 25 0 0 0 
Baurowicz (1895) 40 0 0 0 
10337 3839 36°9 
Total 15360 5066 32°9 


1 Only type D? counted. Examples of Hofmann’s bacillus were probably included 
under types E? and G*, of which many occurred. If the latter types are all included the 
total infection in American observations is 38°9 °/,. 

2 Quoted by Graham-Smith (1903, p. 249). 
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In the following tables (B and C) an attempt has been made to 
subdivide the figures given in the previous table for the purpose of 
gaining a more minute estimate of the numbers of persons infected 
with Hofmann’s bacillus under various conditions. 


Table (LB) showing throat infection amongst healthy persons with 
Hofmann’s bacillus. 


No. of No. infected 
persons with Hofmann’s Percentage 
American observers examined bacillus infected 


Adult non-contacts. 
Massachusetts Committee (1902)! 


Ontario 50 3 6-0 
Boston 892 45 5°0 
Lowell 250 0 0 5°5 9], 
Springfield? 185 15 Sek 
Park and Beebe (1895) 257 27 10° 
Adult contacts. 
(M. C.) Willard State Hospital 82 0 0 
Children non-contacts. 
(M. C.) Washington 221 1 0-4 
», Providence? 927 10 1:0 OO. 
Park and Beebe (1895) 18 0 0 
Children contacts, 
(M. C.) Minnesota 1154 168 14°5 
,, Brookline 129 15 11°6 13:2 °/, 
Minnesota Board of Health (1900)4 392 39 9°9 
4557 323 70 


European observers 


Adult non-contacts. 


Escherich (1893) 320 13 4 

Adult contacts. 
Golowkoff (1898) 95 14 14°7 12-6 °/, 
Fibiger (1895) 135 15 Lid 

Children non-contacts. 
Hutchens (1906) 87 49 57 
Roux and Yersin (1890) 59 26 44 
Cobbett (unpublished. See p.212) 90 39 433 

Beck (1890) 107 36 38-6 $ 241%, 

Hewlett and Murray (1901) 385 92 23°9 
Parkes (1903) 725 162 22°3 
Pugh (1902) 420 67 15°9 


1 Only type D, included. 

* Springfield total made up of 121 male prisoners and 64 school children. 

3 Providence total made up of 386 adults and 541 school children. 

4 Total at Albert Lee, Faribault, Owatonna, and Mankato schools, and the Bethany 
Home. 

M. C.= Massachusetts Committee (1902). 
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Table (B) showing throat infection amongst healthy persons with 


Hofmann’s bacillus (continued). 


No. of No. infected 
persons with Hofmann’s Percentage 
European observers examined bacillus infecte 
Children contacts. 
Cobbett (1904)! 1724 673 39 
Roux and Yersin (1890) 45 15 33 
Chatin and Lesieur (1900) 75 22 30 31-00 
Berry and Washbourn (1900) 142 33 23 lo 
Thomas (1904) 1027 277 27 
Goadby (1900) 586 99 16'9 
6020 1632 26°8 
10570 1955 18°2 


1 Quoted by Graham-Smith (1904). 


Table (C) showing nose infection with Hofmann’s bacillus amongst 


healthy persons. 


No. of No. infected 
persons with Hofmann’s Percentage 
examined bacillus infected 
Adult non-contacts. 
Massachusetts Committee (1902) 
Ontario 50 U 14:0 
Boston 892 331 3771 
Lowell 250 4 16 
Springfield 185 15 8:1 
Neumann (1902) 206 200 97°0 *30°9 %/, 
Hasslauer (1902) 82 23 280 
Stein (1900) 86 7 81 
Thomson and Hewlett (1895) 103 0 0 
Baurowicz (1895) 40 0 0) 
Children non-contacts. 
Massachusetts Committee (1902) 
Washington 221 1 0-4 
Providence 927 140 15°1 
Pugh (1902) 420 234 55-7 [ 29°6 "lo 
Lack (1899) 100 52 52°0 
Children contacts. 
Massachusetts Committee (1902) 
Minnesota 1154 378 32°7 
Brookline 129 15 116 27°6 J, 
Minnesota Board of Health (1900) 393 70 17'8 


5238 1477 28°2 
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Table B relates only to the distribution of the bacillus in the 
throats of persons not suffering from clinical diphtheria. As far as 
possible the observations on adults have been separated from those on 
children, and those on contacts from those on non-contacts. In both 
cases it has been impossible to make an entirely satisfactory division, 
owing to the lack of differentiation in the original tables. According to 
the statistics of American observers Hofmann’s bacillus (Wesbrook’s 
type, D,) is found only in small numbers in the throats of healthy non- 
contacts, whether children or adults. Children, however, who have been 
more or less exposed to diphtheria are more frequently infected. 
According to the investigations of European observers, Hofmann’s 
bacillus is more commonly present in all classes. They are less 
numerous in both classes of adults than in children, though in each 
class more numerous amongst contacts than non-contacts. 

Certain investigations on the occurrence of Hofmann’s bacillus in 
the nose are quoted in Table C, mostly by American observers. They 
indicate that Hofmann’s bacillus is more commonly present in the nose 
than in the throat, and that there is no difference in the degree of 
infection in contacts and non-contacts, adults and children. 

A more careful examination of the former table shows that there is 
more uniformity amongst the European than the American statistics, 
but even amongst the former considerable differences are to be found. 
These differences are probably to some extent due to the different 
methods employed, and partly to different classes to which the persons 
belonged. As extreme instances, may be quoted the investigations of 
Neumann, and Thomson and Hewlett. The former found 98% of the 
111 normal noses he examined to be infected, while the latter never 
found the Hofmann’s bacillus in 27 cultures from the vestibulum naris, 
nor in 76 from the interior of the nose, 101 cultures in all. Very 
divergent results are also to be found in the American statistics. The 
collaborators in the “Report on diphtheria bacilli in well persons” by 
a Committee of the Massachusetts Association of Boards of Health 
examined the throats of 64 school children and 121 male prisoners 
at Springfield and found bacilli belonging to type D, in 13, to type E, 
in 10, and G, in 1, or 24 persons out of 185—(12'9'%). At Providence, 
on the other hand, from the throats of 541 school children, 376 tramps 
and 10 small-pox patients only 6 bacilli belonging to the type D, were 
found (‘6 %), and none belonging to types E, or G.—(‘6 /). 

In consequence of the difficulty in interpreting these varying results 
the writer has added a table (D) showing the results of his findings in 
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the throats of a large number of persons at Cambridge and Colchester. 
These observations have the advantage of having been made by the 
same observer under the same conditions. All cultures have been made 
on a modification of Lorrain Smith’s serum, and all have been examined * 
after 12—18 hours’ growth and again after a further period of 24 hours’ 
growth. In all cases, wherever possible, single colonies or groups of 
similar colonies, and not smears, have been microscopically examined. 
The second examination has frequently resulted in the finding of isolated 
colonies of the Hofmann’s bacillus, which had been missed on the first 
occasion. The fact that several investigators have confined their ex- 
aminations to smears made from 18 hour old cultures probably accounts 
for many low figures, since in crowded cultures containing only one or 
two very small colonies of the Hofmann’s bacillus these are very easily 
overlooked. Further, in this set of observations pure cultures have been 
made from a very large number of the colonies showing doubtful 
organisms and their reaction in glucose broth tested, and the effects of 
subcutaneous injections into guinea-pigs have been examined in many 
instances. 

As the result of these investigations the writer has come to the con- 
clusion that Hofmann’s bacillus is found most commonly in the throats 
of the children of the poorer classes, especially the scholars in the public 
schools, the percentage infected being about the same in contacts and 
non-contacts (51% and 56°%/). The children attending better class 
schools are less commonly found to harbour this bacillus in their throats 
(8% and 15°/). In adults the infection is less than in children, but it 
is greater amongst the poor (20 /) than amongst the well-to-do (9 7). 
The Hofmann’s bacillus, like the diphtheria bacillus, is probably trans- 
ferred from mouth to mouth by pencils, sweets, etc., which pass from one 
child to another, and the habit which children have of placing their 
fingers and articles, such as pencils, in their mouths accounts for the high 
infection amongst them with this organism. The absence of such habits 
amongst older persons may account for the smaller percentage of in- 
fection amongst them. In fact a high percentage of infection with 
Hofmann’s bacillus is usually associated with a lack of cleanliness. 

Some of the numbers on which these statements are based are 
very small, for example, only 97 children attending better class 
schools, and only 66 adults of the more well-to-do class having been 
examined. The difference in the numbers infected by Hofmann’s 
bacillus in these various classes is, however, sufficiently marked 
to justify the opinion that more extended investigations along these 
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lines would confirm the value of this classification. Amongst members 
of the University the infection with Hofmann’s bacillus is low (41 ea 
Amongst school children of the same social class the infection in 
non-contacts was 7°7°/ and in contacts 15°3//. Adult non-contacts, 
belonging to the class from which the scholars of the public elementary 
schools are drawn, showed infection in 20°6°/ and contacts im 19 We 
Amongst school children of this class, who had not been exposed to 
diphtheria, 55°9 % were infected, whilst amongst those who had been 
more or less exposed 514% were infected. Many of the scholars 
included under the head of contacts if exposed at all had only been 
so to a very slight extent, as may be seen from the absence of diphtheria 
bacilli amongst them; and only those are called non-contacts who were 
examined at a time when no diphtheria was present in the town. The 
uniformity of the results is therefore the more striking. This point is 
made especially clear in the case of the Catherine Street School, where 
the percentage of infection with Hofmann’s bacillus in all five classes 
is practically identical, whereas in only three were diphtheria bacilli, 
virulent or non-virulent, found. 

In the throats of 40°/ of all persons examined Hofmann’s bacilli 
were found. 

Cobbett (Iv. 1901, p. 243) had previously made similar observations, 
remarking that Hofmann’s bacillus “was certainly not more frequently 
found among those who had come into contact with diphtheria than 
among those who had not. It was less frequently found among the 
scholars of the ‘higher grade’ school, where there was much diphtheria, 
than among the scholars of the ordinary schools, where there was little 
or none. Among the small number of children of the upper classes 
examined it was conspicuous by its rarity.” 

Roux and Yersin (1890) also remarked that these bacilli were less 
frequently encountered in the better class children. 

Cobbett has recently made a very careful examination of the 
diphtheroid organisms found in cultures from the throats of 90 boys 
in a reformatory school in which no diphtheria had occurred for some 
years. Hofmann’s bacillus was isolated from the throats of 39 (43°3 7%) 
and was seen in crowded cultures from the throats of some others. All 
the isolated organs were totally non-pathogenic for guinea-pigs, gave 
typical cultures on the ordinary media and produced no acid in glucose, 
galactose, laevulose, maltose, dextrine, lactose, glycerine, saccharose or 
mannite. This is the most thorough investigation which has yet been 
made on this subject. 
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The presence of Hofmann’s bacillus has been recorded in many other 
situations besides the throat and the nose, namely, the eye, the ear, the skin, 
and the female genitals. This organism, or one very closely resembling 
it, has also been isolated from pus, the air, and from animal lesions. 


The Seasonal Prevalence of Hofmann’s Bacillus. 


Boycott (1905) has attempted to show that Hofmann’s bacillus is 
more prevalent at certain periods of the year than at others. The 
materials used were the results of 15,000 examinations made during six 
years (1899—1904) at the Lister Institute. “The diagnosis is based 
upon the microscopical appearances found in young (12—20 hours) 
cultures on serum. The films are made from smears taken over the 
whole surface of the culture and no attempt is made to pick out 
individual colonies.” 

The author states that he has “eliminated from the records those 
cases in which swabs were taken from persons who were merely ‘contacts’ 
of diphtheria infections. The remainder comprise those who were 
suffering either from true diphtheria or some affection of the throat, 
bearing a likeness to diphtheria sufficiently close to render bacteriologi- 
cal examination desirable.” He concludes that there is a clear difference 
in the seasonal variations of positive examinations for the two organisms, 
diphtheria prevailing during September, October and November, while 
Hofmann’s is more frequent from May to August. He discusses the 
possible errors due to no further search for Hofinann’s bacillus being 
made after the diphtheria bacillus has once been found, and of pure 
cultures of diphtheria only being obtained when the swabs have been 
accurately taken from the membrane, and also recognises the fact that 
Hofmann’s bacillus in the latter case may often be present in other areas 
of the mouth, nose, or pharynx, or, even if present on the swab, be over- 
grown by the diphtheria bacillus, but thinks that they do not materially 
affect his results. In spite of these assertions further proof is necessary 
before these conclusions can be finally accepted, since each of the sources 
of error mentioned is capable of exerting a considerable influence ; and 
without doubt a more careful method of examination, especially after 
further growth, would reveal a greater percentage of persons infected with 
the Hofmanu’s bacillus. Moreover, if Hofmann’s bacillus is a common 
inhabitant of the healthy mouth and nose, seasonal variations ought to 
be sought for amongst healthy persons, as well as amongst the class of 
persons here mentioned, before any definite conclusions can be made. 
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Summary of Chapter V. 


The typical form of Hofmann’s bacillus is easily differentiated in 
young cultures from the diphtheria bacillus by its morphological 
characters and by its lack of polar bodies when stained by Neisser’s 
method. Even the atypical segmented forms can be readily recognised 
by a practised observer. In cultures it differs from the diphtheria 
bacillus mainly by its more luxuriant growth on the common media, and 
its inability to produce an acid reaction in glucose broth. It is also 
entirely non-pathogenic to laboratory animals in ordinary doses. The 
organism is a fairly common inhabitant of the healthy throat and nose, 
and is more commonly found in children than in adults. Many observers 
consider that it is more frequently present in the throats and noses 
of contacts than those of non-contacts, but the writer’s experience and 
that of many other observers is entirely against this view’. 


Note.—Sholley (15. vi. 07) reports that 266 (26°6 °/)) out of 1000 cultures, obtained 
from apparently non-exposed children attending the New York hospitals, contained 
Hofmann’s bacilli. 


1 Many of the disputed points are d’scussed in the next chapter. 


CHAPTER VI. 


THE RELATION OF THE DIPHTHERIA BACILLUS TO 
HOFMANN’S BACILLUS. 


Experimental attempts to convert the diphtheria bacillus into Hofmann’s 
bacillus. Experimental attempts to convert the Hofmann’s bacillus into the 
diphtheria bacillus. Toxoid production by Hofmann’s bacillus. Action of the 
bacilli on various sugars. Agglutination. Haemolysis. Experimental attempts 
to decrease the virulence of diphtheria bacilli. Experimental attempts to increase 
the virulence of diphtheria bacilli. Change of virulence by transference from one 
individual to another. Observations on the change of morphological type by 
various means. Hofmann’s bacilli apparently virulent to man. The virulence 
towards guinea-pigs of Hofmann’s bacilli derived from various sources. Experi- 
mental attempts to make Hofmann’s bacillus virulent. Change of morphological 
type in Hofmann’s bacillus. Opinions of recent investigators. Summary. 


In the last two chapters the principal features of the diphtheria 
bacillus and Hofmann’s pseudo-diphtheria bacillus have been dealt with. 
In this chapter the various views and arguments as to the relationship 
existing between them will be considered. 

Some observers consider Hofmann’s bacillus to be a common 
innocuous saprophyte, which is in no way related to the diphtheria 
bacillus. Others appear to think that more than one species of bacillus 
has the morphological appearance of Hofmann’s bacillus and that the 
diphtheria bacillus is occasionally encountered in this form (see p. 180). 
Others regard Hofmann’s bacillus as a slightly altered and attenuated 
diphtheria bacillus capable under some conditions of becoming converted 
into the genuine virulent diphtheria bacillus and giving rise to diph- 
theria. 

Hewlett (1899, p. 203), for example, believing “that Hofmann’s 
pseudo-diphtheria bacillus is a modified diphtheria bacillus,” goes so far 
as to say that a positive diagnosis of diphtheria should be given 
whenever it is found. The views of the latter school are supported by 
arguments based on experiments, observations, and statistics. 
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Some observers have attempted to change the one organism into the 
other, some have attempted to demonstrate that similar products are 
produced by the two in culture, and others to show that they react in 
a similar manner towards agglutinating sera. The opinion is very 
widely held that diphtheria bacilli recently isolated show great 
differences in their virulence towards guinea-pigs, and numerous 
experimenters have sought to increase or decrease the virulence by 
artificial means. Attempts have been made to prove that one cause of 
decreased virulence is prolonged stay in the throat. From the results 
of such experiments it has been argued that the virulent diphtheria 
bacillus is capable of becoming naturally attenuated and finally 
converted into the Hofmann’s bacillus, and that the Hofmann’s bacillus 
may by a reverse process become changed into a diphtheria bacillus. 
Arguments in favour of these changes have also been based on statistics 
apparently showing that Hofmann’s bacillus is more commonly found in 
the throats and noses of those who have recently suffered from 
diphtheria and those who have been in contact with the disease than 
in the throats or noses of the normal population. 

In this chapter these experiments and deductions are examined at 
length in the following order. 


A. OBSERVATIONS DIRECTLY BEARING ON THE RELATIONSHIP OF 
THE DIPHTHERIA BACILLUS TO THE HOFMANN’S BACILLUS. 


(1) Experimental attempts to convert the diphtheria bacillus into 
the Hofmann’s bacillus. 

(2) Experimental attempts to convert the Hofmann’s bacillus into 
the diphtheria bacillus. 

(3) Observations on the production of similar substances (toxoids) 
in culture by the two organisms. 

(4) Observations on the action of the two organisms on media 
containing various sugars and carbo-hydrates. 

(5) Observations on the action of agglutinating and bacteriolytic 
sera on the two organisms: (a) sera of diphtheria patients, (b) antitoxic 
sera, (c) sera of animals immunised with cultures, (d) bacteriolytic sera, 
(e) haemolysis. 

Summary. 
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B. OBSERVATIONS INDIRECTLY BEARING ON THE RELATIONSHIP 
BETWEEN DIPHTHERIA AND HOFMANN’S BACILLI. 


(1) Experiments on the virulence of diphtheria bacilli (a) found in 
the mouths of healthy persons (contacts), and (b) on those observed to 
persist for long periods in the throats of infected persons. 

(2) Experimental attempts to decrease the virulence of diphtheria 
bacilli (a) by prolonged cultivation, (6) by heating, (c) by drying. 
(d) Spontaneous attenuation. 

(3) Experimental attempts to increase the virulence of diphtheria 
bacilli (a) by growth with other organisms, (b) by passage through 
animals, and (c) by other means. 

(4) Observations on changes in virulence in diphtheria bacilli by 
transference from one individual to another. 

(5) Observations on the virulence of diphtheria bacilli causing 
lesions in different parts of the same individual. 

(6) Observations on the changes in morphological type in diph- 
theria bacilli (a) during prolonged persistence in the throat, (b) by 
transference from one individual to another, (c) by growth on artificial 
media, (d) by passage through animals. 

(7) Observations on the pathogenicity of Hofmann’s bacillus. 
(a) Observations on Hofmann’s bacilli apparently pathogenic to man. 
(b) The virulence towards guinea-pigs of Hofmann’s bacilli recently 
isolated from (1) healthy persons, (2) persons suffering from diphtheria, 
(3) convalescents from diphtheria, (4) healthy persons infected with 
diphtheria bacilli, (5) healthy members of infected families not them- 
selves infected with diphtheria bacilli, (6) persons suffering from throat 
lesions more or less resembling diphtheria. 

(8) Attempts to make Hofmann’s bacilli virulent for guinea-pigs 
(a) by passage through animals, (b) by growth with other organisms. 

(9) Observations on the changes in morphological type in 
Hofmann’s bacilli (a) after passage through animals, and (b) in 
culture. 

(10) Evidence bearing on the relationship of Hofmann’s and 
diphtheria bacilli derived from preventive measures. 

Opinions of recent investigators. 

Summary. 
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A. OBSERVATIONS DIRECTLY BEARING ON THE RELATIONSHIP OF 
THE DIPHTHERIA BACILLUS TO THE HOFMANN’S BaCcILLUs. 


(1) Eaperimental Attempts to convert the Diphtheria Bacillus 
into the Hofmann’s Bacillus. 


Hewlett and Knight (1897, p. 22) attempted to convert diphtheria 
bacilli into Hofmann’s bacilli by heating cultures. They selected a 
large, segmented, polar staining, acid-forming, virulent diphtheria 
bacillus, of which a broth culture in a dose of ‘25 c.c. was capable of 
killing a guinea-pig in 24 hours. 

Four broth cultures were prepared, and after 48 hours growth’ were 
kept for 4, 64, 17 and 24 hours respectively at 45°C. The last culture 
was killed by the heating, but in the first two the result was 
inappreciable. “The growth in the first subcultures obtained from the 
broth heated for 17 hours was very poor, showing that most of the 
organisms had been killed; and the nature of those that remained 
alive had been completely changed. In later subcultures the bacilli 
were short, and had lost their polar staining and segmentation.” These 
characters were retained for nine generations (1e. until the paper was 
written). Neutral litmus agar was turned blue, and anaerobic cultures 
in hydrogen gave no trace of growth. Doses of broth cultures up to 
5 cc. proved innocuous to guinea-pigs. The authors conclude their 
description with the following statement. “We have attempted to 
obtain the same transformation with other virulent diphtheria bacilli, 
but not so successfully, although in two instances, after heating, pseudo- 
forms were obtained ; the change from Klebs-Loeftler to pseudo was not 
nearly so complete. The amount of heating required seems to be a 
very delicate factor: too little leaves the bacilli comparatively unaltered, 
a little more kills them completely.” 

On the other hand, Williams (1902) kept two cultures for several 
months at 40°C, transplanting them every week, and kept six cultures 
for several months at 43—45° C., alternating every week to a temperature 
of 385°C. When growing at 40—43°C. the bacilli were found to be 
smaller, but returned to their original condition when grown at 35° C, 

Park (1900) states that the diphtheria bacillus “may grow at a 
temperature as high as 41° C. and retain its virulence for months, and 
Roux and Yersin (1890) found that no morphological alteration of a 
strain could be affected by growth at 39°5° C. 
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(2) Haxperimental Attempts to convert the Hofmann’s Bacillus 
into the Diphtheria Bacilius. 


Hewlett and Knight (1897) in their experiments made use of typical 
Hofmann’s bacilli, which turned neutral litmus agar blue and produced 
no effect on guinea-pigs. One experiment is described at great length. 
The bacillus was obtained from a nurse, who had been nursing a case of 
diphtheria, and was isolated by passing through agar plates. It was 
cultivated on serum at 37° C. for 24—48 hours, through 18 generations. 
During this time its morphology does not appear to have remained con- 
stant, for sometimes it appeared to be a typical Hofmann’s, at others a 
short diphtheria, bacillus, and occasionally a mixture of the two types 
was seen. The 18th generation was a typical Hofmann, producing an 
alkaline reaction in sugar media, and 5 c.c. of broth culture had no effect 
on a guinea-pig. 

The 19th and 20th generations were each incubated on serum for seven 
days at 37° C., and from the last a broth culture was made and incubated 
for six days. Of this 5c.c. inoculated into a 250 grm. guinea-pig (No. I) 
caused death in 36 hours with marked oedema. The bacilli were 
recovered from this animal and broth cultures made from them and in- 
cubated for 48 hours killed a 316 grm. guinea-pig (No. II) in 40 hours 
with marked oedema. ‘The bacilli recovered from the latter killed large 
guinea-pigs (Nos. III and IV) of 536 and 478 grms. in 36 to 40 hours 
in doses of 4 cc. and 3cc. The bacilli recovered from these four 
guinea-pigs were typical diphtheria bacilli in morphology, turned litmus 
media a bright red, and grew anaerobically in hydrogen. They were 
capable of killing half-grown guinea-pigs in small doses varying from 
between 1 and ‘25c.c. The authors discuss, but reject, the possibility of 
having started with a mixed culture, and state that “in other cases, 
which showed only typical pseudo-forms, both morphologically, cul- 
turally, and in non-virulence, similar treatment, viz. by incubating 
on serum for a week for a variable number of generations, has resulted 
in broth cultures a week old, inoculated in 5c.c. doses, killing the 
guinea-pigs in 7 to 10 days, or a little longer. This result is so constant, 
and has been repeated so many times, that we are convinced that it is 
not merely accidental, especially as guinea-pigs inoculated with similar 
doses from unincubated cultures usually remain perfectly well.” A con- 
sideration of the various points raised in their paper leads them “ to the 
conclusion that the so-called pseudo-diphtheria bacillus is frequently a 
modified and non-virulent diphtheria bacillus.” 
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Trumpp (1896) states that he converted a non-virulent bacillus, 
which he calls a pseudo-diphtheria bacillus, into one capable of killing 
guinea-pigs with all the symptoms of true diphtheria by successive 
passages of cultures mixed with non-fatal doses of diphtheria toxin 
through guinea-pigs. This organism originally produced acid and was 
therefore probably a non-virulent diphtheria bacillus. 

Levin (1901) said that he converted by cultivation a non-virulent 
pseudo-diphtheria bacillus into a true virulent diphtheria bacillus, which 
showed polar bodies. The toxin produced by this organism could be 
neutralised by antitoxin. 

In 1898 Richmond and Salter briefly stated that by repeated 
passages through certain birds they had been able to convert 
Hofmann’s into diphtheria bacilli, but gave no details. These were 
supplied by Salter (1899) in the following year. 

Nineteen strains of pseudo-diphtheria (Hofmann’s) bacilli were 
examined. All were found to be capable of killing small birds of the 
finch and bunting families, of which the goldfinch, chaftinch, siskin and . 
sparrow were the least resistant. Sixteen species of birds were experi- 
mented on, with the following results: 


Goldfinch (C. elegans). All 19 pseudo-diphtheria bacilli pathogenic. 

Chaffinch (F. coelebs). o rr ap 

Canary (S. canarius), 18 out of 19 pathogenic. 

Siskin (C. spinus). 3 pseudo-diphtheria bacilli tested, all pathogenic, 

Hedge sparrow (A. modularis). 8 pseudo-diphtheria bacilli tested, 6 pathogenic. 
Robin (EZ. rubecula). 8 pseudo-diphtheria bacilli tested, 6 pathogenic. 

House sparrow (P. domesticus). 14 pseudo-diphtheria bacilli tested, 8 pathogenic. 
Greenfinch (C. chloris). 13 pseudo-diphtheria bacilli tested, 2 pathogenic. 

Yellow Hammer (EF. citrinella). 13 pseudo-diphtheria bacilli tested, 1 pathogenic. 
Brambling Finch (Ff. montifringilla). 3 pseudo-diphtheria bacilli tested, 1 pathogenic. 
Linnet (L. cannabina). 11 pseudo-diphtheria bacilli tested, 1 pathogenic. 

Blackbird (7. merula). Totally insusceptible. 

Thrush (7. musicus). 
Hawfinch (C. vulgaris). 
Starling (S. vulgaris). 
Pigeon (C. livia). 


” 3° 


It was found that as a result of two passages through a chaffinch any 
given stock was rendered capable of causing every linnet inoculated to 
succumb, whilst after two more passages through the latter bird, the 
thrush and the blackbird were no longer proof against the organism. 
Similarly, three passages through the goldfinch elevated the virulence of 
one strain to such an extent that it became capable of killing the black- 
bird in 48 hours. Finally, it was ascertained that repeated passages 
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through almost any susceptible bird rendered the pseudo-diphtheria 
bacillus pathogenic to the guinea-pig. 

Details of one experiment, in which a non-virulent Hofmann’s 
bacillus was converted into a diphtheria bacillus virulent for guinea- 
pigs, are given as follows. The organism was: (1) Short and plump, 
uniform in staining, and without polar granules. (2) Its colonies 
on serum were pearly white. (3) In neutral broth it produced an 
alkaline reaction. (4) 10c.c. of a 48 hour broth culture, in which were 
emulsified two whole serum cultures, failed to kill a 230 grm. guinea- 
pig. (5) A filtered 7-day alkaline broth culture in a dose of 20¢.c. was 
innocuous to a guinea-pig. 

Of this organism half a serum culture, suspended in 1 c.c. of a 48 hour 
broth culture, was inoculated into the left pectoral muscle of a goldfinch. 
On the second day the bird became quiet and died in 96 hours. 
Cultures were made from the site of inoculation three hours after 
death. There was ecchymosis and pallor of the muscle, together with 
definite turgidity and swelling. Bacilli slightly longer than those in- 
oculated were found in pure culture. Nothing else abnormal was dis- 
covered in the body. This culture he labelled A. lec. of a broth 
subculture of A was inoculated into a second goldfinch. It died in 48 
hours. The organisms found at the autopsy had become longer 
(culture B), A loopful of B suspended in le.c. of broth was inocu- 
lated into a third goldfinch. Death occurred on the third day. At the 
autopsy the whole of the pectoral muscle on the side of the inoculation 
was yellowish white and the fibres were very friable and obviously 
degenerated. The culture obtained was called C. <A small loopful of 
C was injected into a fourth goldfinch. Death took place within 48 
hours. The bacilli recovered (D) assumed the typical short diphtheria 
form with polar bodies. 

5ec. of a 48 hour culture of D, together with one serum culture, 
were injected into a guinea-pig of 250 grms. The animal suffered 
a large local reaction, followed by necrosis, and was ill for several 
weeks, but ultimately recovered. A tiny loopful of D was injected 
into a fifth goldfinch. It died in 36 hours. From the local lesion 
perfect specimens of the diphtheria bacillus were obtained. 5c.c. of a 
broth culture, together with a serum culture, killed a 260 grm. guinea- 
pig on the fourth day with the typical lesions of experimental diphtheria. 
The pathological effects could be neutralised by antitoxin. ‘Two tubes 
of alkaline broth were placed side by side, one from the original culture, 
the other from the exalted culture. The first became alkaline and the 
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second acid. This experiment was repeated with three other strains. 
He concludes that “There are to be met with diphtheritic organisms of 
every grade of virulence. The weakest, known as Hofmann’s or the 
pseudo-diphtheria bacillus, and representing the most attenuated form 
of the diphtheria bacillus, is capable of killing only certain highly sus- 
ceptible birds of the finch tribe. Organisms of a slightly higher degree of 
virulence can kill other and more resistant small birds of the bunting 
family. Yet others, still more active, can cause larger birds (Merulidae) 
to succumb, while the most virulent of all can kill certain of the rodents, 
such as the guinea-pig.” 

The pathogenic action of Hofmann’s bacillus on small birds has not 
been investigated by many observers. Simonin and Benoit (10. 1. 1898) 
state that it is capable of killing a small exotic bird, called “ Calfat,” and 
Hewlett (1904) has attempted to enhance the virulence of Hofmann’s 
bacilli by passing them through small birds, but no positive results were 
obtained. He says that when recently isolated it is virulent for the 
chaffinch, but by continued cultivation on agar it loses its virulence 
even for this bird. On the other hand, Williams (1902, p. 107) investi- 
gated the subject and found that even in large doses four strains of 
Hofmann’s bacillus and two of the non-virulent diphtheria bacillus were 
perfectly innocuous to goldfinches. 


(3) Observations on the Production of Similar Substances (Toxords) 
in culture by the two Organisms. 


Salter (1899) found that the filtrate of 7—10 days old broth cultures 
of Hofmann’s bacillus although without effect on guinea-pigs in doses of 
20—30c.c., yet in doses of 1—1‘5c.c. was capable of killing chaffinches 
and goldfinches. Control birds treated with corresponding quantities of 
sterile broth remained unaffected. He therefore considered that we 
might legitimately speak of a toxin of the Hofmann’s bacillus. He 
further found that the filtrate, although harmless to guinea-pigs, had in 
a marked degree the power of neutralising or fixing antitoxic sera. The 
experiments on which this opinion was based are given below in detail. 

A series of seven guinea-pigs were injected with varying quantities 
of a diphtheria toxin and 1 unit of antitoxin, with the following 
results :— 


1 Salter (1899) states that if a subcutaneous injection of a Hofmann’s bacillus be given 
to a bird a large local gelatinous effusion occurs. Suprarenal reddening is never seen in 
birds even when inoculated with diphtheria bacilli. 


” 
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Weight Dose Result 
Guinea-pig 1 250 grms, -35 ¢c.c. of toxin and 1 anti-unit Died 3 days 

55 2 57) 34), ne . of Ab) A 
99 3 252 ” 33 ” ” ” ” ” 4 ” 
ie 4 255° 5s CBP ep 3 “ °r Recovered 
> 5 258 ” 31 ” ” ” ” ” 
9 6 250 ” 30 ” ” ” ” ”» 

7 245 ” 29 ” ” ” ” ” 


A second series were treated with similar solutions, containing in 
addition, however, varying amounts of a filtered broth culture of 
Hofmann’s pseudo-diphtheria bacillus. 


Weight Dose Result 
G.-pig 8 260grms. -32c.c. of toxin and 1 anti-unit and 1 ¢.c. of pseudo-diphtheria filtrate Died 3 days 


9 250 ” 32 ” ” ” ” 5 ” ” > ” ” ” 
10 245 ” “32 9 ” ” ” *25 ” 7 Pe ”? ” ” 
11 255 ” 31 ” ” ” 9 5) ” ” 3°? ” ” ” 
12 248 ” 30 ” ” ” ” 5 ” ” be) ” ” ” 
13 252 ” 29 ” ” ” ” 25 ” ” > ” ” ” 
TAS E250-- 5. “20m. st PS a *Bal ys aA #6 5 Recovered 
LGM 2Do) §,; “28a, ‘ i my Dib ey, a an * Died 6 days 
16 240 DAG) - ae iy SDs “3 tf °F Recovered 


He states that the toxin antitoxin mixture was always prepared first 
and allowed to stand for a few minutes, before the pseudo-diphtheria 
filtrate was added. The filtrate must therefore have possessed the 
capacity of breaking up the neutralised combination, liberating the 
toxin, and taking its place; that is to say, 1t was a Protoxoid. 

Lesieur (1901) alleges that certain strains of “ pseudo-diphtheria ” 
bacilli, although non-virulent for guinea-pigs in ordinary doses, can 
nevertheless cause fatal paralyses similar to those due to diphtheria 
toxin, provided that large doses of recently isolated cultures be used. 
He evidently appears to consider that the paralysing substance is a very 
similar body, if it is not indeed identical, with the toxone in diphtheria 
toxin. These experiments have, however, not been confirmed by more 
recent observers. 

Cobbett (1903, Journ. of State Med. p. 609) and Hewlett (1904) 
have been unable to find any toxoids in cultures of Hofmann’s bacillus. 
The most thorough and convincing observations are those of Petrie 
(1905), who, working with 11 races of Hofmann’s bacillus, mostly 
derived from diphtheria patients or contacts, which showed no polar 
granules by Neisser’s method, produced no acid in glucose broth, and 
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were non-virulent to guinea-pigs in doses of 5 c.c., made several experi- 
ments to ascertain whether any toxoid was produced. 

One race (No. 1) was grown in a large volume of alkaline broth in 
the usual manner for the production of diphtheria toxin, and a second 
culture of the same race was grown in Martin’s pig-stomach bouillon at 
36°C., and after 10 days’ growth the cultures were filtered through 
Pasteur-Chamberland filters. A mixed filtrate from the other 10 races 
was also prepared. Tables are given in his paper showing the results of 
the 33 experiments similar to those made by Salter, carried out with a 
view to ascertaining whether toxoids were present in the filtrates. A 
quantity of filtrate was first added to a unit of antitoxin and the mixture 
then placed in the incubator for 15 minutes before the addition of the 
toxin. In this way any toxoid which might be present had an opportunity 
of combining with the antitoxin, thus preventing a corresponding amount 
of toxin from entering into combination. A further series of 11 experi- 
ments were made in which the dose of toxin was such that toxone effect 
became manifest in 3 or 4 weeks. He comes to the conclusion that 
“Taken as a whole these experiments may be interpreted as indicating 
that no toxoids were present in the filtrates of the pseudo-diphtheria 
(Hofmann’s) bacilli examined.” Taking the view that if toxoid is 
really present as a product of metabolism of Hofmann’s_ bacillus 
the immunisation of a suitable animal with these products ought 
to lead to the production of an antitoxin in the animal’s serum, 
he made the following experiments. Three horses were repeatedly in- 
jected with large quantities of the two filtrates mentioned. Before and 
after the experiments their blood was tested for autitoxin and none was 
found. Consequently the filtrates employed were not capable of pro- 
ducing an antitoxin to diphtheria toxin. As the result of his experiments 
Petrie concludes: (1) that no substances ‘vapable of neutralising 
diphtheria antitoxin are present in filtrates of Hofmann’s pseudo- 
diphtheria bacilli, and (2) that the results of the immunisation of 
horses with large quantities of the filtrates make it apparent that they 
do not contain substances capable of stimulating the production of an 
antitoxin to diphtheria toxin. 

Gliicksmann (1897), Bergey (1898) and others had previously ascer- 
tained that the immunisation of animals with cultures of Hofmann’s 
bacillus did not confer any protection against diphtheria bacilli injected 
subsequently, and Spronck (1896) had found that the local reaction 
produced in guinea-pigs by the subcutaneous injection of large doses of 
pseudo-diphtheria bacilli was not influenced by the injection of anti- 
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toxin. One or two instances are, however, quoted, in which a very 
slight degree of protection seems to have been produced against 
diphtheria bacilli by immunisation with Hofmann’s bacillus. 


(4) Observations on the Action of the two Organisms on Media 
containing Various Sugars and Carbohydrates. 


Experiments have already been quoted (p. 159) which show that 
diphtheria bacilli, whether virulent or non-virulent, derived from clinical 
cases, convalescents or contacts, invariably produce acid in the presence 
of glucose, galactose and laevulose, generally with maltose, glycerine, 
dextrine and lactose, and occasionally with saccharose, but never with 
mannite, when these substances are contained in Hiss’s serum medium 
or in broth free from muscle sugar. These experiments give no 
indication that the power of reacting on these substances is gradually 
lost during a prolonged stay in the throat. 

Hofmann’s bacillus, on the other hand, does not produce acid in the 
presence of any of these substances under similar conditions. If the 
contention that Hofmann’s bacilli are merely attenuated diphtheria 
bacilli be true, it would seem probable that some of these organisms, 
when isolated from the throats of clinical cases or convalescents, would 
still be capable of producing acid with glucose. The experiments 
of many observers prove that this is not the case. During the last 
five years the writer has systematically isolated all the morphologically 
atypical forms of this organism, and large numbers of typical forms, and 
tested their reaction on glucose broth, but has never found a race 
capable of producing acid. Recently (Graham-Smith, 1906) experi- 
ments were also made with 20 races on media containing the substances 
mentioned above. Three of these races were derived from clinical cases 
of diphtheria, four from convalescents, four from contacts also infected 
with diphtheria bacilli, three from persons suffering from sore throat, 
and the rest from healthy throats and noses. None of these races 
showed any power of forming acid from any of these substances. These 
experiments, therefore, do not lend any support to the view that 
Hofmann’s bacilli are merely attenuated diphtheria bacilli. 


1 Some writers say that the acid producing power of the diphtheria bacillus is uncertain 
and of no value in differentiation, but most of them seem to refer to its action on ordinary 
broth without the addition of glucose. Under such conditions whether acid is produced or 
not depends on the quantity of muscle sugar present. 
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In connection with these experiments a statement by Theobald 
Smith (1896) is of interest. He says: “An extended experience in 
testing the acid producing function of bacteria leads me to state that if, 
as has been claimed, the pseudo-diphtheria bacilli do not act on 
dextrose, there exists a most profound difference between them and 
true diphtheria bacilli, sufficient to separate them once and for all.” 


(5) Observations on the Action of Agglutinating and Bacteriolytic 
Sera on Diphtheria and Hofmann’s Bacillt. 


Numerous observations have been made with the view of ascertaining 
whether diphtheria bacilli can be differentiated from other diphtheria- 
like organisms by their reaction to the sera of patients suffering from 
diphtheria, antitoxic sera, or the sera of animals treated with cultures. 
No satisfactory results have been yet obtained with the first two sera. 
One of the difficulties in this method of investigation is the tendency of 
diphtheria bacilli to adhere in smaller or larger masses, and the 
impossibility of making completely homogeneous emulsions. 


(a) The action of the sera of diphtheria patients. 


Bruno (1898) investigated the agglutinating action of the sera of 
44 diphtheria patients on young cultures of the diphtheria bacillus, 
both by the hanging drop and sedimentation methods. Two of these 
sera had no agglutinating action, 23 agglutinated in dilutions varying 
from between 1:10 and 1:80, I8 acted at about 1: 100, and one 
at 1: 400. He found that the serum of healthy individuals never 
had an agglutinating value above 1 : 30, but that after the injection 
of antitoxin it rose to double this value in some cases. 


(b) The action of antitoxre sera. 


Landsteiner (1897), Nicolle (1898), and Blandi (1903) failed to 
discover any agglutinating power in antitoxic serum. Nicolas (1896- 
98 and 1900), Fraenkel (1896), and Lesieur (1901) all found some 
agglutinating action, but it was inconsistent and variable and of no 
service in differentiating the organisms. 


(c) The action of the sera of animals immunised with cultures. 


Lubowski (1900) obtained an agglutinating serum by injecting a 
goat with non-virulent diphtheria bacilli. The bacilli were emulsified 
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in ‘85% salt solution by vigorous shaking together with glass, and the 
suspension thus obtained was thoroughly mixed with 10°/ glycerine 
solution. Of this 1 c.c. was placed in a small test-tube and mixed with 
lec, of a suitable dilution of serum. After thorough mixing the 
contents were poured into a small Petri dish and examined under a 
low power. If the emulsion was satisfactory, it was put into an 
incubator and examined from time to time. The mean time of re- 
action was 1—2 hours. By this method 23 races of typical virulent 
diphtheria bacilli were examined and two races of non-virulent 
diphtheria bacilli. All these were agglutinated in dilutions of 1 : 80, 
and in some cases up to 1: 160. Neither cocci nor Hofmann’s bacilli 
(three races) were agglutinated. Normal serum was found in some 
cases to agglutinate up to 1: 40. 

Lesieur (1901) studied the action of the sera of horses, immunised 
by cultures of diphtheria bacilli, on 40 races of diphtheria, and 30 of 
pseudo-diphtheria bacilli, and found that while certain varieties of 
diphtheria bacilli were agglutinated others were not. The pseudo- 
diphtheria bacillus behaved in the same manner. He considers that 
the fact constitutes a new presumption in favour of the identity of 
certain species of pseudo-diphtheria bacilli with the true diphtheria 
bacilli, but as 50 (29 virulent and 21 non-virulent) of his 70 races 
were not agglutinated the only allowable deduction seems to be that 
the agglutination reaction has no value as a means of distinguishing 
between them. 

Schwoner (1902) immunised a horse first with dead and then with 
living cultures of diphtheria bacilli, and obtained a highly powerful 
agglutinating serum. For the purpose of control he also experimented 
with normal horse and antitoxic sera. The latter two agglutinated 
between 1:10 and 1:40. He found that all the 50 races of diph- 
theria bacilli with which he worked were agglutinated by his serum 
up to 1: 500 and some even up to 1:10,000. It, however, only 
agglutinated pseudo-diphtheria bacilli in the same strength as normal 
horse or antitoxic sera. Other organisms, such as B. coli, B. typhosus, 
and V. cholerae were also agglutinated at this dilution. He also 
immunised a goat with a pseudo-diphtheria bacillus. Its serum ag- 
glutinated that race in 1:190,000, but not four other strains of 
pseudo-diphtheria bacilli or any of his diphtheria bacilli. As the 
result of his observations he comes to the following conclusions: 
(1) That an agglutinating serum of high value can be obtained from 
diphtheria bacilli. (2) That a difference can be obtained between 
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true and pseudo-diphtheria bacilli. (3) That a pseudo-diphtheria 
agglutinating serum can also be obtained; and (4) That the pseudo- 
diphtheria bacillus is not one true race. 

One of his tables shows 45 races of diphtheria bacilli agglutinated 
in dilutions of 1: 1000 to 1: 4000 in every case, and another table 
shows 14 races agglutinated in dilutions of 1: 5000 and 1: 10,000. 

In 1903 Schwoner made some further experiments with 12 strains 
of pseudo-diphtheria bacilli. He describes 11 races of his pseudo- 
diphtheria bacilli, some of which are apparently Hofmann’s and others 
non-virulent diphtheria bacilli. He divides them into two groups :— 

(a) Culturally and morphologically Hofmann’s bacilli which pro- 
duce an alkaline reaction in broth, a good growth on agar, and can 
be easily differentiated from diphtheria bacilli. 

(b) Morphologically like diphtheria bacilli producing a_ poor 
growth on agar and a slightly alkaline, or even acid, reaction in 
broth. 

He made a polyvalent serum in a goat from four races of Hofmann’s 
bacilli which agglutinated these four strains and three others in dilu- 
tions of 1:1000. The other races were not agglutinated. Three 
monovalent sera, made by injecting a goat and two rabbits, only 
acted well on the races from which they were made. 

Gordon (1902) made agglutinating sera in guinea-pigs by the 
injection of killed cultures. He found that a diphtheria serum agglu- 
tinating in a dilution of 1 : 100 did not agglutinate Hofmann’s bacillus, 
and that similarly a Hofmann agglutinating serum did not act on 
diphtheria bacilli. One diphtheria agglutinating serum reacted on 
four out of six freshly isolated virulent diphtheria bacilli and one non- 
virulent diphtheria bacillus, but had no action on two diphtheria-like 
organisms, or on Hofmann’s bacilli or B. coryzae segmentosus. 

Blandi (1903) also obtained a diphtheria agglutinatiug serum by 
the intraperitoneal injection of heated cultures. 

Schick and Ersettig (1903) worked with 50 races of diphtheria 
bacilli. Of these 12 were tested for virulence and all killed within 
72 hours. They obtained an agglutinating serum from a horse, which 
agglutinated all 50 races in dilutions of 1: 2000, but had no effect 
on various other bacilli. 

Martin (1903) obtained sera reacting at 1: 200 by intravenous 
or intraperitoneal injections of bacilli killed by heating to 100°C. He 
found that the most convenient method of carrying out the aggluti- 
nating experiments was with bacilli heated in fluid to 100°C. for 
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one hour and emulsified with water or normal saline solution. The 
coarser particles were allowed to sediment and the upper layers used. 

Lipstein (1903) obtained agglutinating sera from rabbits by the 
injection of virulent bacilli together with antitoxic serum. He found 
that the sera so obtained acted in high dilution only on the race 
used to immunise the animal, and not on other races of diphtheria 
bacilli. When two races were used for immunisation the resulting 
serum agglutinated them both in equal dilutions, but not other races. 
He explains these results by supposing that all races have certain 
receptors in common, but that in addition each race has receptors 
peculiar to itself. 


Bacteriolytic sera. 


Lambotte (1902) injected guinea-pigs first with emulsions of 
diphtheria bacilli killed by heating to 60°C., and later with living 
cultures at eight day intervals. The serum was then found to contain 
a specific bacteriolysin for diphtheria bacilli. The serum of guinea- 
pigs treated with Hofmann’s bacillus contained a specific bacteriolysin 
for that organism. He found that the serum for one organism acted 
to some extent on the other, and consequently thinks that they 
are connected. 


Haemolysis. 


Lubenau (1901) observed that cultures (six out of seven) of diph- 
theria bacilli were capable of producing haemolysis. The maximum 
haemolytic power was shown in broth cultures at periods varying 
between 1 and 13 days. 

Schwoner (1904) made more extended observations on 70 cultures. 
He found that the haemolytic power was best shown on rabbits’ 
corpuscles, and as a result of his experiments concluded that :— 

(1) It is chiefly strains of diphtheria bacilli from clinically severe 
septic cases which give haemolysis; (2) the power is at its maximum 
in 48 hour broth cultures ; (3) the property is lost by long cultivation ; 
(4) filtrates of cultures show no haemolysis; (5) the pseudo-diphtheria 
bacillus does not possess any lysin. 


Summary of Section A. 


In the preceding pages it has been shown that Hewlett and Knight 
lay claim to having on one occasion converted by means of heating 
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a virulent diphtheria bacillus into a Hofmann’s bacillus. These 
authors, however, were apparently unable to repeat the process, and 
Williams was unable to confirm their results, and no other observers 
have recorded changes in cultures kept at high temperatures. Hewlett 
and Knight, by prolonged cultivation, and Salter, by passage through 
small birds, consider that they have converted Hofmann’s bacilli into 
diphtheria bacilli. No subsequent observers, however, appear to have 
been able to repeat successfully the former experiments, and, although 
Hewlett states that he has found the Hofmann’s bacillus pathogenic to 
chaffinches, Williams denies that it has any action on the goldfinch, 
the most susceptible of all birds according to Salter. 

At present therefore too much importance must not be attached to 
these experiments unless they can be successfully repeated. 

In regard to the production of culture products by the Hofmann’s 
bacillus of a nature similar to those of the diphtheria bacillus, Salter 
considered that the Hofmann’s bacillus formed a protoxoid. No sub- 
sequent observers have found any trace of this substance, and the 
exhaustive experiments of Petrie appear to demonstrate conclusively 
that no such substance is produced. Other observations show that 
no immunity against the diphtheria bacillus can be produced by means 
of the Hofmann’s bacillus. These experiments therefore, so far as they 
go, point to the non-identity of the two organisms. 

The observations on the power of the two organisms to produce 
acids from certain sugars and carbohydrates prove that in this respect 
they are totally distinct. While the diphtheria bacillus is capable 
of acting on several of them, Hofmann’s bacillus is incapable of pro- 
ducing acid in the presence of any of them. 

The observations of Lubowski, Schwoner, Gordon, Schick and 
Ersettig on agglutinating sera all point to a specific difference between 
the two bacilli, and so do the haemolytic experiments of Schwoner. 
Although Lesieur thought that his observations were in favour of the 
identity of the two organisms, his experiments are of very doubtful 
value. Lambotte’s bacteriolytic experiments seem to show that the 
two organisms are connected, but not specifically identical. 

The observations relating to the formation of toxoids, acid produc- 
tion, and the action of agglutinating sera, with few exceptions, tend 
to show that diphtheria and Hofmann’s bacilli belong to different 
species, only related to each other in being members of the same group. 
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B. OBSERVATIONS INDIRECTLY BEARING ON THE RELATIONSHIP 
BETWEEN DIPHTHERIA AND HOFMANN’S BACILLI. 


(1) Heaperiments on the Virulence of Diphtheria Bacilli found 
(a) In the mouths of healthy contacts. 

It has already been shown that the great majority of observers 
consider that diphtheria bacilli recently isolated from clinical cases 
display considerable differences in their virulence towards guinea-pigs. 
Further, it has been constantly asserted that the diphtheria bacilli, 
which remain after the clinical symptoms are over, gradually lose 
their virulence, and may at length after a prolonged stay in the 
throat become completely non-virulent to laboratory animals. In 
fact it has been generally considered that diphtheria bacilli of all 
grades of virulence may be met with in the throats of convalescents 
and other persons. By many it has been further supposed that 
the representatives of the originally virulent diphtheria bacilli after 
becoming changed into non-virulent diphtheria bacilli undergo further 
changes and become Hofmann’s bacilli. 

In view of these statements it becomes important to consider how 
far the reputed change in virulence is supported by experimental 
evidence. Certain reasons have already been given for thinking that 
intermediate stages of virulence are probably of much less common 
occurrence than has generally been supposed, and that lack of uni- 
formity in methods may account for many of the statements which 
have been made. The bacilli obtained from patients showing all the 
symptoms of clinical diphtheria are usually found to possess a high 
degree of virulence, and it is unnecessary to quote the numerous ex- 
periments which have been made. Mention must, however, be made 
to the fact that attenuated and non-virulent bacilli have on rare 
occasions been isolated from such cases. 

In the great majority of cases the bacilli found in the throats of 
persons who have come into contact with diphtheria patients, but show 
no signs of the disease, are also fully virulent, though some are non- 
virulent. The virulent bacilli of the patients do not therefore seem to 
suffer a diminution in virulence by transference to immune individuals. 
The results of the observations of some of those workers, who have 
tested the virulence of the bacilli obtained from recent contacts in a 
considerable number of cases, are quoted below. 

Park and Beebe (1894) examined 48 healthy children in 14 infected 
families and found diphtheria bacilli in over 50°. Of six cultures 
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tested all were virulent. Also five out of six infected contacts discovered 
in a foundling hospital showed virulent bacilli. 

Aaser (1895) in an outbreak of diphtheria in a cavalry regiment 
examined 89 well persons. Seventeen of these harboured diphtheria 
bacilli, and all were fully virulent. He also examined the contacts in 
two scarlet fever wards in which cases of diphtheria were present. All 
the diphtheria bacilli which he isolated and tested were virulent. 

Bolton (1896) amongst 214 persons who had been more or less 
exposed to diphtheria found the virulent bacillus in 41°5 7%. 

Miiller (1897) examined the children in a general ward into which 
cases of diphtheria had been admitted. Twelve children with diphtheria 
bacilli were discovered. Six of these were virulent and six attenuated 
or non-virulent. 

Kober (1899) found that 15 out of 128 contacts showed the presence 
of diphtheria bacilli, all of which were virulent. 

Cobbett (1901) tested for virulence nine pure cultures obtained 
from 19 contacts. Of these six were fully virulent and three entirely 
non-virulent. 

Graham-Smith (1904) during an outbreak at Cambridge isolated 
and tested for virulence the diphtheria bacilli found in 56 well persons 
who had come into more or less close contact with cases of diphtheria. 
Of these 38 harboured fully virulent, and 18 totally non-virulent, 
diphtheria bacilli?. 

Pennington (1907) tested the bacilli obtained from 18 undoubted 
contacts, using 24 hour serum cultures for inoculation. One strain was 
fully virulent, 10 more or less attenuated, and seven totally non-virulent. 


Table showing the virulence of diphtheria bacilli isolated from 
recently infected contacts : 


No. of diphtheria Totally non-virulent 
bacilli tested or causing & 
Observer for virulence Fully virulent slight infiltration 
Park and Beebe 12 11 1 
Aaser 17 iy 0 
Meade Bolton 88 88 0 
Miiller 12 6 6 
Kober 15 15 0 
Cobbett 9 6 3 
Graham-Smith 56 38 18 
Pennington 18 1 7 
227 182 (80-1 FY) 35 (15:3 9/5) 


1 For details of these experiments see Chapter XII. 
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These records clearly show that the majority of well persons 
harbouring diphtheria bacilli, which have been derived by contact from 
clinical cases, retain in their throats fully virulent organisms, and that 
the transference of a virulent diphtheria bacillus from a diseased to an 
immune person does not tend to weaken its virulence. 

There is also some evidence to show that non-virulent diphtheria 
bacilli when transferred from one person to another do not become 
virulent, or give rise to the disease. In the Cambridge outbreak just 
mentioned the writer (Graham-Smith 1904) found in three households 
5, 4, and 2 persons respectively harbouring non-virulent diphtheria 
bacilli without the clinical signs of diphtheria. They were only 
examined by accident, as two of these persons had slight sore throats. 
Further 13 other persons with non-virulent diphtheria bacilli remained 
at their homes and constantly mixed with other persons. No clinical 
cases of diphtheria are known to have arisen from such _ persons. 
Cobbett (1901) had a similar experience, and Park and Beebe (1895) 
state that typical non-virulent diphtheria bacilli are probably incapable 
of causing diphtheria, for the 24 cases in which they were found by 
them never developed any lesions, nor were they the, origin of any case 
of diphtheria, so far as could be ascertained. 


(b) Observations on the virulence of diphtheria bacilli persisting 
for long periods in the throats of infected persons. 


In regard to the alleged general decrease in virulence by prolonged 
stay in the throats of infected persons certain experiments show that 
a decrease has probably taken place, but many other experiments very 
conclusively prove that the organisms may persist in the throat or the 
nose for very prolonged periods without showing any decrease in 
virulence. A number of these observations are given in the following 
pages. 

Tobieson (1892) tested for virulence 19 strains of diphtheria bacilli 
found up to 31 days after the disappearance of the membrane. Of 
these 16 strains killed guinea-pigs between 24 and 50 hours. Two 
caused tumours and the animals died later. One produced early 
necrosis, paralysis after five weeks, and death in seven weeks. Dowson 
(1893) observed fully virulent diphtheria bacilli in the noses of two 
children during five months; and Belfanti (1894) found a boy harbouring 
fully virulent diphtheria bacilli seven months after the attack. Ritter 
(1894) observed fully virulent diphtheria bacilli in one-third of 324 
diphtheria cases after the disappearance of the membrane. In four 
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cases they were present five weeks after the disappearance of the 
membrane. Gladin (1895) found virulent diphtheria bacilli present in 
two cases for 33 days. In another case non-virulent diphtheria bacilli 
were found on the 45th day. Schafer (1895) discovered virulent 
bacilli in the throat of a boy 74 months after an attack of tonsillitis. 
Martha (1895) found in the throat of a patient nine weeks after the attack 
bacilli which caused oedema but did not kill, and came to the conclusion 
that their virulence had been decreased by treatment. 

Sevestre and Méry (1895) observed two cases in which virulent 
diphtheria bacilli were present 49 and 38 days after the disappearance 
of the membrane, and Symes (1895) in a case of rhinorrhoea, following 
scarlet fever, found virulent diphtheria bacilli for seven weeks. Wash- 
bourn and Hopwood (1895) found virulent diphtheria bacilli in the 
throat of a nurse for six weeks. Williams (1896) observed a case in 
which diphtheria bacilli persisted for 157 days. Up to the last they 
were fully virulent. 

Hewlett (1896) isolated from a boy, 22 weeks after an attack of 
diphtheria, bacilli which in doses of °5 c.c. and ‘25 cc. killed 500 grm. 
guinea-pigs in 36, hours, and Miiller (1897) observed fully virulent 
diphtheria bacilli in the mouth of a contact for 24 months. Stone 
(1897) tested 18 strains of diphtheria bacilli isolated from cultures 
obtained from persons 3 weeks after the disappearance of all clinical 
symptoms. The bacilli were grown for 48-120 hours in sugar free 
broth, of which 1 c.c. was injected into 800 grm. guinea-pigs. Fourteen 
strains were virulent killing between 24 hours and 7 days, the majority 
within 3 days. 

Smith and Walker (1897) made careful experiments on the toxin 
producing power of 11 races of diphtheria bacilli obtained from the 
throat at periods varying between 15 and 62 days from the beginning 
of the disease. The results of these observations are given in the 
following table: 


Interval in days from Minimal fatal 
the earliest symptoms dose of toxin 
17 #12 G:C: 
15 “08 
27 “08 
42 08 
57 ‘08 
62 08 
16 07 
22 07 
22 06 
26 "05 
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They finally say “we observe that, so far as toxin production is 
concerned, the length of time the bacilli have sojourned in the throat 
has no tendency to reduce it below the average.” 

Russel (1899) in two patients found virulent diphtheria bacilli 59 
days and 44 months after the disappearance of the membrane. 

Cobbett (1901) went further than the majority of the observers who 
have been quoted, and isolated and examined for virulence the bacilli 
from a number of persons on several occasions until their disappearance. 
Bacilli were isolated and found virulent in one person on the 2nd, 23rd, 
and 30th days, and in another on the Ist, 30th, 36th, and 66th days. 
In two contacts the bacilli were found to be virulent in one on the 
15th, 36th, and 58th days and in the other on the Ist, 18th, 28th, 60th, 
69th, and 82nd days. The bacilli from three other contacts who 
harboured non-virulent bacilli were also tested on more than one 
occasion, and were always found to be non-virulent. The bacilli from 
one of these were examined on the Ist and 31st days, from another on 
the 24th and 34th days, and from the third on the Ist, 21st, 24th, 34th, 
63rd, 65th, 67th, 84th, 88th, and 93rd days. 

Prip (1901) examined the bacilli found after the disappearance of 
the membrane in eight persons up to their final disappearance. In these 
cases full virulence was maintained up to the time of the disappearance 
of the bacilli, in one case up to 335 days. In two other cases, however, 
the bacilli showed a decrease in virulence. In one case the bacillus 
isolated on the 142nd day was virulent, but non-virulent on the 
530th day, and in the second case although virulent bacilli were 
obtained on the 13th day, those isolated on the 293rd day were non- 
virulent. 

Williams (1902) found that the bacilli from convalescent cases, 
isolated two and sometimes three times to test their virulence, retained 
their pathogenic properties until their final disappearance. Pure 
cultures were always isolated from the first serum cultures as well from 
the tubes containing the last diphtheria bacilli, each day’s tubes 
containing 24 hours’ growth being kept in the ice box until the next 
cultures were examined. 

Pugh (1902, p. 308) found virulent diphtheria bacilli in the throat 
of a nurse for nine weeks after she had been nursing a case of diphtheria. 
This nurse had never suffered any impairment of health, and continued 
to harbour the virulent bacilli in spite of a month’s vigorous local 
treatment, followed by some weeks at the sea-side. 

Wesbrook (1905) found virulent diphtheria bacilli present in three 
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cases on the last occasion on which they were isolated and tested, 
namely on the 46th, 72nd, and 80th days. 

Pennington (1907) tested the bacilli obtained from 25 convalescents, 
“In several instances the organisms were isolated at different times 
during convalescence and their virulence tested for a diminution in 
activity. In only one case was such a loss of virulence noted.” 

In the following table the longest periods of persistence of fully 
virulent diphtheria bacilli recorded by various observers is given: 


Prip 335 days Pugh 63 days 
Schafer 230 ,, Smith and Walker 62a 
Belfanti 215aen Symes AD =i, 
Williams Lota. Sevestre and Méry AQT 
Hewlett 154 ,, Washbourn and Hopwood 42 ,, 
Dowson 150; Ritter con 
Russel 137%, Gladin 33°"; 
Cobbett Bates Tobieson Siva; 
Wesbrook S0s., Stone ZL oes 
Miiller TY iss 


The observations which have just been quoted conclusively prove 
that diphtheria bacilli are capable of retaining their virulence during 
very prolonged persistence in the throats of infected persons. In a few 
instances they appeared to have lost their virulence to some extent, 
but in the great majority they have retained their full virulence up to 
the time of their final disappearance. 


(2) Haperimental Attempts to decrease the Virulence of 
Diphtheria Bacills. 


With the majority of pathogenic bacteria it is possible by various 
means to increase or decrease their pathogenic powers, and working on 
these lines many observers have sought to influence the virulence of 
the diphtheria bacillus. Although these experiments when successful 
only prove that alterations of virulence can be brought about by 
artificial means, many seem to have regarded the results as lending 
support to the view that the virulent diphtheria bacillus is related 
through the non-virulent diphtheria bacillus to Hofmann’s bacillus. 


(a) By prolonged cultivation on artificial media. 


Many observers have noticed that even after very prolonged cultiva- 
tion on artificial media the diphtheria bacillus does not tend to show 
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any appreciable loss in pathogenic properties, though some have 
noticed a diminution in certain instances. Williams (1902, p. 105), for 
example, grew one culture for six years on artificial media and found 
that there was an apparent slight loss of virulence. Since “its virulence 
on broth averaged one two-hundredths cubic centimeters” this apparent 
loss of virulence after very prolonged cultivation is of little importance. 
Three other strains of bacilli grown on artificial media for one year 
all retained their original virulence. Two other cultures grown for 
some time on hard-boiled egg showed distinct morphological changes, 
the bacilli becoming exceeding short and looking like diplococci, but 
when transferred to other media they immediately regained all their 
original characteristics. 

Peters (1896) found that long diphtheria bacilli did not show any 
decrease in virulence after prolonged cultivation, but says that the 
short diphtheria bacillus readily loses its virulence on culture. Bardach 
(1895) found that a culture lost some of its virulence after two years’ 
artificial cultivation. 

(b) By heating. 

It has already been shown that Hewlett and Knight on one occasion 
succeeded in completely changing the morphology and virulence of a 
diphtheria bacillus by heating cultures, but were unsuccessful in later 
attempts. On the other hand Williams (1902) was unable to alter the 
virulence by heating, even to 45°C., and Park (1900) found that virulence 
was retained for months at 41°C. Roux and Yersin (1890) observed 
that by cultivation on broth at 39°5° C. for a month virulent diphtheria 
bacilli could apparently be deprived of their virulence. They found 
that broth cultures kept at 39°5°C. for 25 days did not kill when 
injected directly, but subcultures from these flasks killed quickly. 
Consequently no real attenuation had taken place. On repeating these 
experiments in a slightly different way attenuation however resulted. 
Broth cultures were grown at 39°5° C. until obvious development had 
occurred. The temperature was then raised to 40°C. In one case 
after 13 days of such treatment a subculture only caused oedema, and 
in another instance subcultures were non-virulent after 23 days. They 
consider that loss of virulence only occurs shortly before the death 
of the organisms. 

(c) By drying. 

Roux and Yersin (1890) observed some diminution in virulence in 

bacilli kept for a very long period of time in dried membranes. In one 
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case numerous colonies of virulent diphtheria bacilli were obtained from 
a membrane after a month’s drying, but after five months only attenuated 
bacilli were found. Bacilli from another membrane kept under the 
same conditions showed no sensible diminution in virulence after three 
months. 

Golowkoff (1895) thought that the virulence of bacilli kept on cloth 
was diminished, but Abel (1895) on the other hand found no decrease 
in virulence in bacilli dried on silk threads after 86 days. 


(d) Spontaneous decrease in wrulence. 


Roux and Yersin (1890) twice observed rapid spontaneous loss of 
virulence in culture. 


(3) Experimental Attempts to increase the Virulence of Diphtheria 
Bacilli. 


The observations recorded in this section deal only with attempts to 
raise the virulence of living diphtheria bacilli for animals when injected 
in the usual manner, and not with attempts which have been made to 
produce an increase of the production of toxins in culture media. The 
latter question is dealt with later (Section V). 


(a) By growth with other organisms. 


Several attempts have been recorded to increase the virulence of 
diphtheria bacilli by cultivating them together with other organisms for 
more or less prolonged periods. Most of these experiments, of which 
one noteworthy example is quoted, have yielded negative results, 
Williams (1902) grew two morphologically typical, but non-virulent, 
strains of diphtheria bacilli together with virulent streptococci 
through 90 generations, transplanted every three or four days, but 
when separated no change in virulence or other characteristics were 
noted. 


(b) By passage through awmals. 


Williams (1902) attempted to give virulence to several strains of 
non-virulent diphtheria bacilli by successive peritoneal inoculations, but 
in no instance did any increase in virulence occur. She also passed two 
non-virulent morphologically typical bacilli through goldfinches, but the 
organisms when recovered from the birds were still non-virulent for 


guinea-pigs. 
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Lubowski (1900) and Bergey (1898) could not make non-virulent 
diphtheria bacilli virulent by repeated passages through guinea-pigs, 
and Fibiger (1895) was unable to raise the virulence of non-pathogenic 
diphtheria bacilli by injecting them together with streptococci. Cobbett 
(1901, p. 497) found that a minute abscess sometimes formed at the site 
of inoculation after the injection of non-virulent diphtheria bacilli. 
“From these little abscesses the bacilli in pure culture were several 
times obtained and tested on guinea-pigs to see if they had gained in 
virulence. One of them was passed through four animals in succession. 
In each case the injection of 2¢.c. of 48 hours broth culture produced no 
more effect than at first.” 

The writer has recently experimented with five strains of morpho- 
logically typical non-virulent diphtheria bacilli. These were injected 
subcutaneously into white rats, and three were recovered after 2, 2 and 
5 days. Attempts to recover the other two strains after 2 and 3 days 
failed, and in no case could the bacilli be cultivated from the blood and 
organs. The recovered bacilli were found to be totally non-virulent to 
guinea-pigs in doses of 2¢.c. of 48 hour broth cultures. 

Park (1900) says that “the passage of diphtheria bacilli through the 
bodies of susceptible animals does not increase their virulence to any 
considerable extent, this being probably due to the fact that the bacilli 
multiply but little in the tissues.” 

Although the attempt to give virulence to entirely non-pathogenic 
diphtheria bacilli has usually been unsuccessful, many investigators 
claim to have considerably raised the virulence of bacilli which had 
either been only feebly virulent when first isolated, or had subsequently 
become so. 

Martin (1898) passed bacilli through the peritoneum of the rabbit 
in collodion sacs, and was enabled by this treatment to augment the 
toxigenic power, though the passage did not increase the virulence. 

Roux and Yersin (1890), though they were unable to raise the 
virulence when it was very low, could raise to some extent the virulence 
of cultures which caused oedema, but did not kill, by passing through 
animals together with virulent streptococci. These exalted cultures 
subsequently retained their virulence. Bardach (1896) succeeded in 
slightly raising the virulence of a culture, which had become attenuated 


1 In this connection Cobbett says that he has frequently seen similar abscesses form in 
guinea-pigs treated with large doses of virulent bacilli together with antitoxin, and also in 
an immunised horse treated with living bacilli. In the latter case the bacilli had retained 
their virulence, 
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by two years’ growth on artificial media, by numerous passages through 
dogs, and he states that he was able to raise the virulence for rabbits of 
bacilli already virulent for these animals by repeated passages through 
them. 

Spronck (1895) found that the virulence of a bacillus which originally 
killed guinea-pigs in two or three days in a dose of ‘2 c.c. could be raised 
by three passages through these animals to such an extent that a dose 
of ‘1 c.c. killed in 24 hours. 

Aronson (1893), Funck (1895) and Martin (1898) all considered that 
the virulence of diphtheria bacilli which were already virulent could be 
raised by passages through animals. Ohlmacher (1895, footnote) 
makes the following observations: “In my own work I have not 
attempted to recover the bacilli from the seat of inoculation, but 
believing that the bacilli which gained access to and survived in the 
visceral organs were the most virulent, I have recovered them from these 
organs. In this way I was able, for instance, by a single passage through 
a guinea-pig to make a diphtheria bacillus, which only killed a guinea- 
pig in 14 days, become so virulent that it killed an animal of equal 
weight in 30 hours in a much smaller dose.” In experiments published 
later (1902) he states that a short, uniformly staining and slightly 
virulent bacillus (killing in seven days) after its passage through an 
animal became long and granular and more virulent. 


(c) Increase of virulence by other means. 


Concetti (1901) states that by anaerobic growth he caused a non- 
virulent streptothrix-like diphtheria bacillus to become pathogenic and 
toxic. 

Shattock (1898) found that lowly virulent diphtheria bacilli did not 
acquire virulence when grown in a current of sewer air, even for a period 
of two months. 


(4) Observations on Changes in Virulence in Diphtheria Bacilla by 
Transference from one Individual to another. 


The ordinary process of transference of the disease from one 
individual to another, and the fact that diphtheria bacilli isolated from 
recent contacts are virulent in 80% of the specimens tested, prove that 
in the majority of cases virulent bacilli when transferred retain their 
virulence. The experimental and natural transference of fibrinous 
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rhinitis (Chapter VIII) also suggests this view. Under natural con- 
ditions, owing to the difficulty of tracing the path of infection, the proof 
of loss or of increase of virulence, if any occurs, in the passage of a 
bacillus through a series of individuals is not easy to obtain, unless 
the type is a particularly distinctive one. In one such instance, in 
which a very remarkable type infected several individuals in succession 
in a home for destitute children, Williams (1902, p. 101) observed no 
change in virulence, although many of the children showed no clinical 
manifestation of the diphtheria. 

Gorham (1901, p. 208) asks “is it not possible that a culture isolated 
from a healthy throat has lost its virulence for guinea-pigs because of its 
exposure to the fluids of an immune body and that later, when under 
the proper conditions in the throat or nose of a susceptible human 
being, may regain its virulence and be capable of producing clinical 
diphtheria?” On this subject certain observations have been made 
from time to time (p. 233), which indicate that non-virulent but other- 
wise typical diphtheria bacilli do not acquire virulence for guinea-pigs, 
or give rise to diphtheria when transferred from one individual to 
another, 

In some instances the examination of a person with a slight sore 
throat, who has not been recently exposed, reveals diphtheria bacilli, 
which turn out to be non-virulent. In these cases cocci or other 
organisms are usually also abundant, and probably account for the 
disease. 


(5) Observations on the Virulence of Diphtheria Bacilli causing 
Lesions in Different Parts of the same Indiidual. 


Very few observations have been made on whether diphtheria bacilli, 
almost certainly derived from the same source, producing diphtheritic 
lesions in different situations in the same individual, are ever of different 
types, or show different degrees of virulence. Williams (1902, p. 97) 
records the examination of two such cases: “The first was a throat 
case, which had also a vaginal discharge. The same variety of virulent 
diphtheria bacilli were isolated from cultures from each locality. The 
second case had throat symptoms and a membrane on a finger wound. 
In this instance, too, the same variety was isolated from both cultures.” 

The writer has recently found the same type of fully virulent 
diphtheria bacillus in the throat and in an ulcer of the foot of a patient, 
who had been exposed to diphtheria. 


N D. 16 
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(6) Observations on the Changes in Morphological Type m 
Diphtheria Bacill. 


(a) During prolonged persistence in the throat. 


Several observers have stated that they consider that their exami- 
nations of convalescent patients lend support to the view that the 
typical diphtheria bacilli, which are alone found during the acute stages 
of the disease, gradually lose their characteristics after a more or less 
prolonged stay in the throat and are finally represented by uniformly 
staining types, of which Hofmann’s bacillus is the furthest removed from 
the virulent diphtheria bacillus. This view, they say, is also supported 
by the statistics of the occurrence of Hofmann’s bacillus in the throat 
and nose. According to them Hofmann’s bacillus is rarely to be found 
in clinical cases, but is very frequently present in convalescents, and 
much more common in those who have been exposed to diphtheria 
than those who have not. Statistics have already been quoted (p. 205) 
on the occurrence of Hofmann’s bacillus in the throats of contacts and 
non-contacts, which show great discrepancies amongst the observations 
of various workers. The general conclusion is, however, that this 
organism is equally distributed amongst exposed and non-exposed 
persons in the various grades of the community. The frequency of 
its occurrence in clinical cases has, however, yet to be dealt with. 

Many observers state that it is rarely to be met with in clinical 
cases, but seldom mention whether their view is based on any other 
evidence than the examination of cultures from the diseased part. 
They frequently seem to have lost sight of the fact that, if the 
swabs are accurately taken from the membrane in clinical cases, few 
organisms but diphtheria bacilli are likely to be met with in the 
cultures; even if they were originally present in this situation 
they would probably be overgrown by the rapidly forming and very 
numerous colonies of the diphtheria bacillus. The fact of their non- 
appearance under these conditions cannot, therefore, be taken as proof 
of the absence of Hofmann’s bacilli in other parts of the buccal or nasal 
cavities. 

Further, it is seldom stated how thoroughly the cultures have been 
searched for colonies of Hofmann’s bacillus. If few colonies only are 
present the probability of overlooking them is very great owing to their 
small size, and to their similarity to those of the diphtheria bacillus. 
Smears made from the general surface can be of little value, since the 
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individual specimens of Hofmann’s bacillus are mixed up among the 
diphtheria bacilli and may easily be overlooked, if few, or mistaken for 
young specimens of the diphtheria bacillus. A further period of incuba- 
tion of the cultures often results in the differentiation of the colonies of 
Hofmann’s and diphtheria bacilli sufficient to make an examination 
at that period of greater value, but such subsequent examinations 
seldom seem to have been made. 

Once the diphtheria bacillus has been found most observers are 
satisfied to record its presence, and make a diagnosis. 

For these reasons the majority of opinions which have been recorded 
as to the absence of Hofmann’s bacillus in clinical cases are of little 
value. 

Observations dealing with the frequent occurrence of Hofmann’s 
bacilli in the throats and noses of convalescents are numerous, but the 
deductions founded on these observations cannot be regarded as of much 
value, unless the observers have previously ascertained by adequate ex- 
periments whether the bacilli were present in the throat or nose at the 
height of the disease, and have made a sufficient number of experiments 
on normal persons of the same class to determine their frequency 
amongst such persons. 

In very few experiments have satisfactory experiments been made 
on these points. 

Hewlett and Knight (1897) state that Hofmann’s bacillus replaces 
the diphtheria bacillus during convalescence, since “almost always the 
pseudo appears towards the end, the next examination or so revealing 
an absence of either diphtheria or pseudo-diphtheria bacilli.” In order 
to illustrate their statement they give a list of 24 cases in which the 
diphtheria bacillus was apparently replaced by Hofmann’s bacillus. 

Wesbrook, Wilson and McDaniel (1900) also thought that the typical 
diphtheria bacilli were replaced by uniformly staining forms till finally 
the D? or Hofmann type became the most common or the only type 
present. . 

This statement they illustrate by several examples recording the 
various types found in the course of routine diagnoses of cultures for the 
establishment and maintenance of quarantine. Cases 1 and 2 showed 
the following types! according to their classification in a series of cultures 
taken during a period of about three weeks :— 


1 See p. 130, Plate VIII. 


16—2 
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Case 1. Case 2. 

Exam. number Types present Exam. number Types present 
1 C, D, E 1 A, C, D 
2 A, Cc, D 2 A, OC, D, E 
3 A, 6, D 3 A, O, D, D2, E? 
4 AyD 4 Al, Cl, D1, D?, E2, G? 
5 ASC .1) oH 
6 A, D, D', E, E? 
7 ASB DDE Dk 
8 D?, D1 


The authors remark that “these cultures show (a) the presence of 
large granular types, with absence of other types, during the prevalence 
of clinical symptoms, and (b) the entire replacement of granular types 
by barred and solid types as convalescence was established and just 
prior to the entire disappearance of all diphtheria-like organisms.” They 
go on to state that “this seems to be the usual order of variation in 
clinical cases, as has been noted by other observers and frequently in 
this laboratory.” They give also an example in which exactly the 
opposite conditions were found, and say in regard to it that “such cases 
in the experience of this laboratory are infrequent, but that they do 
occasionally occur is beyond doubt.” 


No. 3. 
Exam. number Types present Exam. number Types present 
. D, E? 4 D, D2, E? 
2 D2, E?, D!, EH} 5 DACA 
3 D2 6 D, 6; A 


They recorded the changes in about 200 cases, and came to the con- 
clusion that the variability of the granular types of bacilli is greater than 
that of the solid forms. 

Gorham (1901) says that in his opinion there seems to be no question 
that Wesbrook’s types, including D?, are all varieties of the diphtheria 
bacillus, and considers that during convalescence the typical forms of the 
diphtheria bacillus become converted into uniformly staining types or 
Hofmann’s bacilli. He asks “Can we not conclude that the granular or 
barred (CC!) are the natural forms of virulent diphtheria bacilli, and 
that these forms under the influence of body fluids of persons not sus- 
ceptible to the diphtheria toxin, or who are becoming slowly immune, 
gradually become non-virulent, and in doing so change to the solid 
staining types C? and D??...... If this sequence of form is dependent on 
the interaction of bacillus and patient, then the same changes of form 
ought to be shown by a series of examinations of patients who have had 
clinical diphtheria and have recovered.” 
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To illustrate this change he gives a record of the examinations of 10 
cases, all of which at some period show the presence of uniformly staining 
types. 

Williams (1902), on the other hand, made a very careful study of the 
types found in cultures during successive examinations of 10 cases of 
diphtheria. “In studying these cases we see that different types appear 
irregularly throughout the course of the disease, but no sequence can be 
observed. When pure cultures were isolated from a tube containing 
these different types it was found that exactly the same variety of 
bacillus, and only this variety, was obtained as from the earlier culture, 
showing that the new forms are due, at least in part, to the influence of 
other bacteria, and it is only when we study a pure culture that we can 
obtain a true idea of the variety to which the individual bacillus 
belongs.” 

“Tn this series of cases no pseudo forms appeared in the throats 
throughout the course of the disease that were not there at the be- 
ginning.” “In these cases the typical diphtheria bacilli from the 
original nose cultures showed slight differences from those from the 
throats of the same cases; pure cultures, however, showed that the same 
variety was present in both throat and nose.” 

“Some of the pure cultures had such persistent characters that their 
recognition was particularly easy, and there could have been no question, 
even to the most superficial observer, in regard to their maintaining the 
same type throughout the course of the disease.” 

In conclusion she remarks: “In regard to the appearance of solidly 
staining pseudo-forms towards the end of diphtheria I would say further 
that in an examination of hundreds of control smears made in routine 
work for pronouncing diphtheria cases at the Willard Parker Hospital 
free from diphtheria bacilli, only occasionally were pseudo-forms 
observed, and in all of the cases where the typical bacilli persisted 
for some time and were isolated two and sometimes three times to test 
their virulence, the same variety continued to be present unmixed with 
new atypical forms.” 

As the result of a series of experiments on diphtheria and diphtheria- 
like bacilli, extending over seven years, this author comes to the 
conclusion “that not only are there distinct species in this group, 
but that each species has distinct subspecies or varieties with character- 
istics which continue to persist under different conditions; these varieties 
as well as subspecies remain separate, and, when grown under similar 
conditions, the species show no tendency to become converted into one 
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another, while the varieties gradually change, approaching a common 
form. The term variety is applied to a pure culture as a whole and 
not to individual bacilli, and by it is meant that certain pure cultures 
possess some persistent morphological and cultural characteristics so 
' different from those of other pure cultures, that the culture has a 
distinct individuality.” 

The writer has also frequently noticed in many consecutive exami- 
nations for release from quarantine that the same type of bacillus is to 
be found till its final disappearance. In fact in certain instances, in 
which the organisms had some marked peculiarity, a glance at a 
preparation was sufficient to tell from what culture it was obtained. 
Some of these bacilli were very long, others had an unusual number 
of stained segments, others large numbers of polar bodies, and a few 
belonged to the “sheath” variety. A few have been met with 
persisting for very long periods, which were peculiar in that they 
produced no visible colonies before 36 hours’ incubation. He has also 
frequently come across cases in which, throughout a long series of 
examinations, Hofmann’s bacilli were never found. In one instance, for 
example (No. 26, Table, Chapter XII), 50 consecutive examinations were 
made in 122 days from the throat of a child and Hofmann’s bacillus was 
never encountered. During the whole of this period a morphologically 
typical diphtheria bacillus was present in the throat. In another case 
(No. 71) virulent diphtheria bacilli were present for 65 days and ulti- 
mately disappeared, but Hofmann’s bacillus was never found in 24 ex- 
aminations. Several other examples may be seen in the table mentioned. 

Cobbett (iv. 1901, p. 251) in his records relating to the serial 
examinations of 11 cases of notified diphtheria, found Hofmann’s 
bacillus at some period in four (36°/), and in similar examinations 
of eight infected contacts found it five times. He also came to the 
conclusion that Hofmann’s bacillus does not replace the diphtheria 
bacillus. 

The statement that Hofmann’s bacilli are frequently encountered 
during convalescence is probably due to the fact that at this period the 
culture tubes are no longer crowded by innumerable colonies of the 
diphtheria bacillus, and colonies of other organisms begin to make their 
appearance. As convalescence advances colonies of the diphtheria 
bacillus become rarer, and a prolonged search has often to be made. 
In the course of such examinations colonies of Hofmann’s bacillus are 
met with, and the impression is produced that this organism has 
replaced the diphtheria bacillus. 
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According to the statements of several observers the age of the 
culture, slight differences in the composition of the medium, the 
presence of contaminating bacteria, and other factors may influence 
to some extent the type of the bacillus found in the original cultures 
from the throat or nose. In making any observations on the changes 
of type some of these factors, especially the possible influence of other 
bacteria, ought to be eliminated by the preparation of pure cultures. 

The important observations of Williams on the constancy of the types 
in pure cultures prepared from successive cultures from convalescents, 
from persons infected in two situations, and from persons infected from 
the same source have already been quoted. 

Cobbett (x. 1901, p. 495) also made a similar statement. Some 
Hofmann’s bacilli “as they first appear on the original culture, are far 
more than others difficult to distinguish on morphological grounds from 
true diphtheria bacilli, and in not a few instances I have been in doubt 
until pure cultures have been isolated. However much they may have 
resembled the diphtheria bacillus at the start, they come in subcultures 
closely to resemble what I regard as the typical form.” 

Cobbett’s observations on this question the writer has corroborated 
by a very large number of experiments. Colonies have been very 
frequently met with, which, together with the typical Hofmann forms, 
contain varying numbers of segmented bacilli,and occasionally some which 
consist entirely of segmented bacilli. Such segmented bacilli have a 
more or less characteristic appearance, and can be differentiated from true 
diphtheria bacilli by their morphological and staining characters (see 
p. 200). Pure cultures have been made from such colonies on very many 
occasions, and also from a very large number of colonies containing a few 
doubtful bacilli. Almost without exception the young pure cultures have 
consisted entirely of bacilli of the typical Hofmann form, and in very 
many cases, in which they were further tested, they produced no acid 
in glucose broth and no effect on guinea-pigs, even in large doses. 
According to Wesbrook’s method the cultures which have just been 
mentioned would probably have been recorded as containing type D?, as 
well as types D! and C1, and probably in a few cases Al. 

These variations may be to some extent due to the influence of other 
bacteria or mucus, and are also certainly due sometimes to the com- 
position of the medium, for they have been especially frequently observed 
in one or two batches made from human serum. The value of the 
preparation of pure cultures in such cases for diagnostic purposes 
cannot be over-estimated, and it is also of great importance in 
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considering the alleged changes of morphological type amongst 
diphtheria bacilli. 

Comparative observations on the occurrence of Hofmann’s bacillus 
in the throats of clinical cases and healthy infected contacts at some 
period during examinations for release from quarantine, in the throats of 
contacts not infected with diphtheria bacilli, and of non-exposed persons 
belonging to the same class of the community, have seldom been made 
during an outbreak. Observations of this character are, however, more 
likely to give to the observer a true idea of the distribution of Hofmann’s 
bacillus and its connection or lack of connection with the diphtheria 
bacillus than any number of repeated examinations of cultures from 
convalescents alone. 

Cobbett (1901) records during one outbreak the results of consecutive 
examinations of 18 persons, who either suffered from clinical diphtheria, 
or harboured morphologically typical diphtheria bacilli,and amongst these 
nine (50°/) at some period showed Hofmann’s bacilli. Amongst 650 other 
persons examined, some of whom had not been exposed, Hofmann’s 
bacilli were found in 157 (2417). Although the precise figures are not 
given the author states that “it was certainly not found more frequently 
among those who had come into contact with diphtheria than those who 
had not. It was less frequently found among the scholars of the 
‘higher grade’ school, where there was much diphtheria, than among 
the scholars of the ordinary schools, where there was little or none. 
Among the small number of children of the upper class examined it was 
conspicuous by its rarity. When it is remembered that the infected 
persons were examined on the average six times each and some only 
showed a few colonies at one examination, it seems probable that 
had the healthy persons been examined as often the incidence of this 
organism amongst them might have been as high as among the 
infected.” 

In another outbreak (x. 1901), investigated several months later, he 
confirmed the opinions he had previously formed. 

Graham-Smith (1904, p. 297), in an extensive outbreak at Cambridge, 
found that the proportion of persons infected with Hofmann’s bacillus 
was nearly the same among convalescents recovering from diphtheria 
(487/), contacts infected with diphtheria bacilli (51:97), non-infected 
contacts (43°77), and non-contacts (54°27). 

Nearly all these persons were children belonging to the same social 
class. Amongst adults, whether infected with diphtheria bacilli or not, 
the percentage of infection with Hofmann’s bacilli was much smaller, 
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During a previous outbreak at Colchester (Graham-Smith, 1903) 112 
persons, notified as suffering from diphtheria, were examined on the 
average six times each for release from isolation. Some of these were 
first examined after the disappearance of the diphtheria bacillus. 
Hofmann’s bacillus was at some time present in cultures from 62 
(55°3°%) of them. Amongst all the persons examined in the town, 
whether exposed or not, it was present in 31 7/, but 637% of the 
scholars of the public elementary schools, amongst whom most of the 
notified cases of diphtheria occurred, harboured this organism. On 
further analysing these records, however, it was found that the percent- 
age infected with Hofmann’s bacillus was the same amongst scholars 
attending schools in which diphtheria was common as amongst those 
attending schools in which few or no cases occurred. 

The records of this outbreak agree therefore with those of the one 
just quoted in showing that Hofmaunn’s bacillus is as common amongst 
normal school children attending the public elementary schools as 
amongst others who are recovering from diphtheria or have been 
exposed to it. 


(b) By transference from one individual to another. 


Many instances are to be found recorded in the literature of patients 
infected from the same source harbouring bacilli similar on culture. 
The writer has frequently noticed the same type of diphtheria bacillus 
in all members-of an infected family, and in one instance of a small 
outbreak in a village found that every infected person, whether showing 
clinical signs or not, harboured very long bacilli with many segments. 
Williams (1902) records some observations in an outbreak in a home 
for destitute children bearing on this point. Two deaths had occurred 
in this institution, but the type of bacillus had not been recorded. 
Later an outbreak of sore throats began, and cultures from all cases were 
found to contain the same variety of virulent bacillus as the first case. 
The variety was peculiar in that many coccus-like forms appeared when 
the organisms were grown on agar. It was also peculiar in producing 
very delicate colonies on agar, and a very scanty growth in broth. 
Observations such as these show that changes in morphological type do 
not occur when diphtheria bacilli are transferred from one individual to 
another. 

(c) By growth on artificial media. 

It has already been shown that both diphtheria and Hofmann’s 

bacilli exhibit differences in morphology more or less great when 
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grown on different media. When, however, the organisms are again 
sown on serum the original type appears. The question here to be dis- 
cussed is, whether by means of growth on artificial media the characters 
of any given race of bacilli can be so altered that when grown on serum 
at 37°C. its morphological appearances are markedly affected. It seems 
to be universally accepted that by more or less prolonged growth slight 
changes in morphology are brought about. The experiments of Hewlett 
and Knight would lead us to suppose that by prolonged cultivation 
alone the morphological type and even biological character of diphtheria- 
like bacilli can be profoundly altered. The observations of several other 
observers have caused them to believe that the morphological types of 
diphtheria bacilli are unstable and can readily change in culture. 
Wesbrook, Wilson and McDaniel (1900), for example, state that 
“attempts to classify types of bacilli on the appearance of micro- 
scopical fields of presumably pure cultures had to be abandoned,” 
and Ohlmacher (1902) believes that most of the common character- 
istics of the diphtheria bacillus are unstable. 

The former observers give several examples, some of which are quoted 
below, of the change of form in pure cultures. ‘“ When the observations 
here recorded were begun, the stocks had been isolated by a repetition 
of the process of colony picking and subsequent streaking out from three 
to fifteen times. Each subculture having been made in the same way, 
it is apparent that the stocks at the time of the last observation had 
been subjected to this purification process from twenty to forty or 
more times.” 


Pure stock No. 2 (clinical case). Pure stock No. 5 (non-clinical case). 
Morphological Morphological 

No. of i: hae inl6—18 No. of types in 16—18 
culture our cultures culture hour cultures 

1. Original throat culture C, D 1. Original throat culture C, D, EK? 

2 Pure culture* BAG EC? 2 Pure culture t BY Cet 

3 de) > D, EK, B, D? 3 +e) > C, D, K, HE? 

4. aA Fe iB aCs 4, x ais A,B, C,D, EH, E? 

5. ss 36 A, D, E 5. A -§ A, C 

6 bP) 9 B, A, C, cl 6 3° 39 A, C, D 

7 9 ”? B, C, A, Cc} 7 99 9 C!, 5, A 

8 > 9 A, C, 1D) 8 ” 9 C, D, A 

* Two years after isolation. + Hight months after isolation. 


In stock No. 2 the general tendency is to the predominance of the 
long forms throughout. The culture remained virulent for guinea-pigs 
throughout its whole history. In stock No. 5, which was obtained from 
a child who had not recently been exposed to diphtheria, the large 
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granular types predominate, but it was never possible to kill a guinea- 
pig even with large doses. 


Pure stock No. 6 (clinical case). 


No. of Morphological types in 
culture 16—18 hour nuftares 

il. Original throat culture c 

2. Pure culture D? 

x i 2 E2, D? 

4. ” ” % 

5. * ss E2, G2 

6. a3 Ap E?, D? 

fl 5 x E?, G2 

8. nO wn D2 


This stock, although there were never any other than solid types 
present, was apparently a true diphtheria bacillus, and killed guinea- 
pigs not protected with antitoxin. 

Hadley (1907) considers that his “ observations permit of little doubt 
that a single morphological variety of the diphtheria organism is 
decidedly modifiable; and that not only may the granular types of the 
organism be resolved into the solid staining forms, but the opposite 
may also be true.” 

In opposition to these views are those put forward by certain other 
observers, who believe that certain types are very stable and that pure 
cultures of them possess some persistent morphological character. 
Williams (1902) kept pure cultures of a large number of diphtheria 
bacilli on agar at 36°C. transplanted every two to four weeks, and 10 
cultures of Hofmann’s bacilli for the same time in broth and on serum. 
At the end of that time when transplanted upon other culture media 
the individual characteristics of the cultures were unchanged. Also 
several different varieties of diphtheria-like bacilli were kept on media 
for six months to a year, and all retained the characteristics of the 
original cultures. Certain diphtheria bacilli with peculiar characters 
already described (p. 249), obtained from numerous individuals in an out- 
break at a school for destitute children, were observed through numerous 
generations for eight months, but showed no changes in morphology. 
Williams concludes from her observations that pure cultures of 
diphtheria bacilli continue to show the same characters through 
many culture generations and that there are many distinct varieties 
of diphtheria-like bacilli, all of which in serial pure cultures retain the 
characters of the original culture. The writer has also often noticed 
that pure cultures of diphtheria bacilli kept growing on serum for 
numerous generations continue to show the same general morphological 
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characters as the original cultures. He has also found that diphtheria 
bacilli grown for 10 days at 37° C. in media containing different sugars 
and carbohydrates, when transplanted on to serum, showed the same 
morphological peculiarities as the original cultures. 


(d) By passage through animals. 


By some observers certain changes in morphological type have been 
noted in bacilli recovered from the tissues of animals. Hadley (1907) 
found that a virulent D® type, when recovered from the tissues of a 
guinea-pig, became barred. On the other hand three strains, two 
showing CC! types and one C'C* types, after recovery only showed D? 
type. The most remarkable examples have been quoted by Ohlmacher 
(1902). He experimented with three organisms, and concluded that by 
a short sojourn in an immune animal a diphtheria may be converted 
into a Hofmann-like bacillus, and that the reverse may be brought 
about by passing the organism through a susceptible animal. He 
states that a long granular diphtheria bacillus after recovery from 
the subcutaneous tissue of a rat became short and uniformly staining, 
that a uniformly staining, but pathogenic, bacillus after recovery from 
the spleen of a guinea-pig became granular, and a short uniformly 
staining Hofmann-like bacillus after its passage through a guinea- 
pig became long and granular. The statements of Ohlmacher cannot 
be accepted as universally true, as Williams (1902), experimenting on 
four varieties of diphtheria bacilli, found no changes in morphological 
type after they had been in the body of an immune host (white rat) 
for 48 hours. The same observer also found no change in morphological 
type in non-virulent diphtheria bacilli after successive intraperitoneal 
inoculations through guinea-pigs. The writer has recently experi- 
mented with 10 strains of diphtheria bacilli, five virulent and five 
non-virulent. These have been recovered after two to five days’ 
sojourn in the subcutaneous tissues of white rats, but no differences 
in morphology were noted. In two cases small abscesses had formed, 
and these also contained bacilli of the same type as those injected. 


(7) Observations on the Pathogenicity of Hofmann’s Bacillus. 


If, as has frequently been asserted, Hofmann’s bacillus is merely 
an attenuated and slightly altered diphtheria bacillus, capable under 
certain conditions of regaining its virulence and giving rise to diph- 
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theria, it might be expected that in the process of attenuation before 
complete loss of virulence had been attained, or on the other hand 
during the process of regaining pathogenic power before sufficient 
virulence had been acquired to produce typical diphtheritic lesions, 
the organism would be capable of setting up some disease in man, 
and giving rise to lesions in guinea-pigs, animals peculiarly susceptible 
to diphtheritic poison. 

Observations dealing with these points, so far as they bear on the 
relationship of diphtheria and Hofmann’s bacilli, are considered under 
the following headings: (a) Observations on Hofmann’s bacilli ap- 
parently pathogenic to man. (b) The virulence towards guinea-pigs 
of Hofmann’s bacilli recently isolated from (1) healthy persons, 
(2) persons suffering from diphtheria, (3) convalescents from diph- 
theria, (4) healthy persons infected with diphtheria bacilli, (5) healthy 
members of infected families not themselves infected with diphtheria 
bacilli, (6) persons suffering from throat lesions more or less resembling 


diphtheria, 


(a) Observations on Hofmann’s bacilli apparently virulent 
to man. 


Many observers are of the opinion that Hofmann’s bacillus is capable 
of giving rise to disease in man. The opinions, however, vary as to the 
real nature of such conditions. While some consider that the disease 
is in reality mild diphtheria, others think that it is a specific affection 
produced by the Hofmann’s bacillus. Others again, while admitting 
that this organism is not infrequently encountered in diseased condi- 
tions, consider that it is not in any way related to them. 

Hewlett and Knight (1897) quote several histories to show that 
Hofmann’s bacillus is associated with mild anginas, which are free 
from complications, end in recovery, and are not followed by sequelae. 
Richmond and Salter (1898) found it to be the only organism present 
in an outbreak of post-scarlatinal diphtheria in a hospital ward, and 
Priestly (quoted by Caijer, 1904) records an outbreak of throat-illness 
in a school at Lambeth characterised by tonsillar exudation, in which 
the Hofmann’s bacillus and no other was present in 38 out of 43 of 
those attacked. These are only examples of records of a similar nature, 
many of which are to be found in the literature. It will be pointed out 
later (Chapter XI), however, that diseases simulating diphtheria occur, 
the causal agents of which do not grow on the ordinary media under the 
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usual conditions. The presence of Hofmann’s bacillus in culture does 
not therefore necessarily prove, unless such other organisms have been 
excluded, that it is the causal agent. Further, even if organisms 
resembling Hofmann’s bacillus in morphology are shown to be the 
only ones present in large numbers, their cultural and other characters 
must be worked out before their identity can be established. 

Wesbrook, Wilson, and McDaniel (1900), for instance, found in an 
outbreak of diphtheria at Owatonna that the type of diphtheria bacillus 
most frequently present closely resembled the Hofmann’s bacillus. It 
could, however, be differentiated from the latter by the fact that it 
formed acid in broth, and a strong toxin, whose effects could be 
neutralised by antitoxin. They also seem to have encountered the 
same type of diphtheria bacillus on other occasions. 

Ruediger (1903) and later Hamilton (1904) have also recorded the 
presence in severe throat affections of organisms, apparently belonging 
to different species, which, although they somewhat resembled Hofmann’s 
bacillus in morphology, differed in their cultural and pathogenic proper- 
ties (Chapter X). 

The evidence supporting the view that Hofmann’s bacillus is capable 
of producing disease in man is almost entirely based on the presence in 
cultures from the throat of organisms morphologically identical with 
this bacillus. Most observers have only examined young serum cultures 
and have not excluded the possibility of the lesions being due to other 
organisms, which either grow slowly on serum or refuse to grow on it, 
or to other organisms, such as B. fusiformis, which cannot be cultivated 
aerobically, and only with difficulty in anaerobic cultures. Bearing in 
mind the extremely common occurrence of Hofmann’s bacillus in the 
throats and noses of healthy persons, and the fact that this organism 
is non-pathogenic to guinea-pigs, animals peculiarly susceptible to the 
products of the diphtheria bacillus, observations of a more convincing 
nature, which exclude the presence of all other known pathogenic 
organisms, are needed before its capacity for producing disease in 
man can be regarded as proved. 


(b) The virulence towards guinea-pigs of Hofmann’s bacilli recently 
isolated from 
(1) Healthy persons. 
Gorham (1901, p. 209) says that “type D,, frequently called the 
atypical form of B. diphtheriae, is probably to be included in the 
‘pseudo-diphtheria’ or ‘Hofmann’ group of many writers. It has been 
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shown to be frequently pathogenic to guinea-pigs, and, when so, pro- 
tection is afforded by the use of commercial antitoxin.” 

The Massachusetts Committee (1902, p. 18) in commenting on 
this question make the following statement: “Both these observers 
(Gorham and Wesbrook) several times isolated solid forms in pure 
culture from healthy persons, and proved them virulent for guinea- 
pigs. Such a condition, however, must be very rare, as no other 
members of the Committee have ever found these forms present 
alone in clinical diphtheria; and when isolated by them from healthy 
persons, they have always proved to be non-virulent.” 

The experiences of almost all other observers are in agreement 
with this statement. 

Park (1898), although he has apparently met with two cultures 
of the “pseudo type” which were virulent, states (1900, p. 351) that 
Hofmann’s bacilli “never produce diphtheria toxin,” and “that no 
facts have come to light which indicate that bacilli, which do not 
produce diphtheria toxin in animals, ever produce it in man.” 

Amongst those who have made the most numerous experiments 
are Cobbett and Neumann. Cvbbett (4. x. 1901) isolated and tested 
86 strains, and found them all to be non-virulent in doses of 2 c.c. 
of 48 hour broth cultures, and Neumann (1902) inoculated into 
guinea-pigs in doses of 2cc. of 48 hour broth culture 78 strains 
obtained from normal and diseased noses without any effect. 

During the course of the last five years the writer has isolated 
and tested on guinea-pigs a large number of bacilli obtained from 
healthy persons, which though they differed slightly from typical 
Hofmann’s bacilli in the original cultures, resembled them in sub- 
cultures in every morphological and cultural character, including the 
production of an alkaline reaction in glucose broth. All without 
exception proved non-virulent to guinea-pigs. 


(2) Persons suffering from diphtheria. 

Cobbett (Iv. 1901) isolated in at least two cases both Hofmann’s 
bacilli and diphtheria bacilli from original serum cultures obtained 
from patients suffering from clinical diphtheria, and proved the former 
organisms to be non-virulent. In a few instances the writer (Graham- 
Smith, 1904, p. 291) has also isolated Hofmann’s bacilli from the 
original serum cultures taken from clinical cases of diphtheria at the 
height of the disease’. In all these cases the bacilli have produced 


1 Other details concerning some of these cases are given in Chapter XII. (Table. 
Nos. 11, 12, 24, 39, 54, 88.) 
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an alkaline reaction in glucose broth, and doses of 2¢.c. of well-grown 
48 hour broth cultures have been without effect on guinea-pigs. On 
the other hand the diphtheria bacilli isolated from the same cultures 
have been fully virulent. Petrie (1905) also isolated three races from 
patients suffering from diphtheria and found them to be typical in 
all respects, and totally innocuous to guinea-pigs. 


(3) Convalescents from diphtheria. 

Cobbett (Iv. 1904) isolated Hofmann’s bacilli from the throats of 
three convalescents when diphtheria bacilli were still present, and 
found them to be typical in all respects and totally without virulence 
for guinea-pigs, and Williams (1902) made similar observations. On 
several occasions (six) the writer has also isolated Hofmann’s bacilli 
from the throats of convalescents at an early stage, and has never 
found them to produce any greater effects than a transient oedema 
in guinea-pigs. 

(4) Healthy persons infected with diphtheria bacilli (infected 
contacts). 

As in the case of patients suffermg from diphtheria and con- 
valescents, the writer has isolated and tested a number of strains of 
Hofmann’s bacilli from healthy persons infected with virulent or 
non-virulent diphtheria bacilli, and has always found them to be non- 
pathogenic to guinea-pigs. Cobbett (Iv. 1901, p. 249) also isolated 
Hofmann’s bacilli from the throats of infected contacts and proved 
them to be non-virulent, and similar observations have been made 
by a number of other workers. 


(5) Healthy members of infected families not themselves infected 
with diphtheria bacilli. 

Hofmann’s bacilli, isolated from healthy non-infected members of 
families in which diphtheria had recently occurred, have been shown 
by several observers to be totally non-virulent for guinea-pigs. 


(6) Persons suffering from throat lesions more or less resembling 
diphtheria. 

Cobbett (Iv. 1901) reports two instances in which Hofmann’s bacillus 
was the only diphtheroid organism isolated from cultures taken from 
persons clinically suffering from diphtheria. In neither case did the 
organisms show any indications of virulence towards guinea-pigs, 
although 2 cc. of three, four, and seven day old broth cultures were 
injected. Petrie (1905) isolated two strains from suspected cases of 
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diphtheria and found them to be typical Hofmann’s bacilli in all 
respects, and innocuous to guinea-pigs. 

For some time past the writer has isolated si tested on animals 
all examples of Hofmann’s bacillus obtained from persons suffering 
from lesions resembling diphtheria sufficiently closely to make a bac- 
teriological examination desirable, and in whom no diphtheria bacilli 
have been found. Twenty-six such strains have been inoculated into 
guinea-pigs without producing any results. Smears made direct from 
the swab were examined in a number of these cases, some of which 
showed fusiform bacilli and spirilla, and some large numbers of 
cocci, etc. It is possible that in some of these cases a multiplication 
of the Hofmann’s bacilli present in the normal condition takes place 
secondary to the inflammation set up by the other organisms, since 
very large numbers of colonies are sometimes found. In other cases 
only a few colonies of, this organism develop, not more numerous than 
are frequently to be obtained from the normal throat. No experiments 
appear to have been made with the view of ascertaining whether 
Hofmann’s bacilli, frequently present in the normal throat, multiply 
during inflammatory processes due to other organisms. Nevertheless, 
it is a matter of some interest in forming an opinion in regard to 
the causal connection between Hofmann’s bacilli and some of the 
conditions in which they are found. Whether or not such a multi- 
plication is proved to occur, it must be borne in mind that innumerable 
colonies of Hofmann’s bacilli can frequently be obtained from the 
healthy nose. 


Summary of Section 7. 


The observations which have been quoted in this section show that 
diphtheria bacilli, which in other respects are typical of the species, 
may in very rare instances morphologically resemble Hofmann’s bacilli, 
and that other pathogenic species more or less resembling Hofmann’s 
bacilli, but easily distinguishable by their cultural characters, may 
produce lesions in man. These facts are in no way opposed to the 
general conclusion from the other facts recorded, that morphologically 
typical Hofmann’s bacilli which are culturally characteristic producing 
no acid in glucose broth, show (according to almost all observers) no 
virulence to guinea-pigs even when inoculated in large doses. 

If Hofmann’s bacillus is merely an attenuated form of the diphtheria 
bacillus, incapable of producing lesions in guinea-pigs when cultivated 
from the throats and noses of healthy persons, specimens isolated from 
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persons suffering from diphtheria, convalescents, and infected contacts 
should exhibit some signs of virulence towards guinea-pigs when in- 
jected in comparatively large doses. Again, if, as Gorham appears 
to think possible, the fluids of an immune person are capable of 
changing a virulent diphtheria bacillus into a Hofmann’s bacillus 
shortly after infection, some of the latter, when discovered in the 
mouths of healthy members of infected families, and therefore ac- 
cording to this view probably recently converted diphtheria bacilli, 
ought to show traces of virulence. Under none of these conditions, 
however, is any trace of virulence shown. Finally this bacillus, 
when discovered as the only diphtheroid organism in mild, or even 
severe, throat or nose lesions is without virulence for guinea-pigs. 
Most of such diseased conditions are probably due to other bacteria, 
and there is little evidence in support of the view that Hofmann’s 
bacillus is even capable of producing non-diphtheritic inflammatory 
lesions in man. In fact the weight of the evidence, so far as guinea- 
pig experiments are of value, points to the conclusion that under 
all conditions Hofmann’s bacillus is a harmless saprophyte. 


(8) Attempts to make Hofmann’s Bacillus virulent for Guinea-pigs. 


(a) By passage through animals. 


An account of the experiments which have been made with the 
purpose of attempting to convert Hofmann’s bacilli into diphtheria 
bacilli by means of passages through birds or otherwise has already 
been given (p. 219). 

Apart from these experiments, several observers have tried to 
impart virulence to Hofmann’s bacillus by passages through animals. 
From one of Ohlmacher’s experiments it might be concluded that 
Hofmann’s bacillus could be rendered virulent by a single passage 
through a susceptible animal, for example a guinea-pig, but the 
experiments of Bergey (1898, p. 46), Williams (1902), and others, 
distinctly show that even by successive passages through guinea-pigs 
Hofmann’s bacilli cannot be rendered virulent to these animals. A 
passage through an immune animal, such as a rat, is also apparently 
incapable of producing virulence in this organism. The writer recently 
injected four strains of Hofmann’s bacillus subcutaneously into white 
rats, and recovered them from the site of inoculation after 48 hours. 
The rats were unaffected and the cultures made from the organs 
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remained sterile. Attempts to recover one strain after three days 
was unsuccessful. All the recovered strains were totally non-virulent 
to guinea-pigs in doses of 3c.c. of 48 hour broth cultures. Two of 
these strains had been obtained from persons suffering from diphtheria- 
like diseases of the throat. 

Fibiger (1895) was unable to raise their virulence by inoculation 
into guinea-pigs together with virulent streptococci. 


(b) By growth with other organisms. 


Bernheim (1894) was unable to make a Hofmann’s bacillus virulent 
by continued cultivation together with streptococci. 


(9) Observations on the Changes in Morphological Type of 
Hofmann’s Bacills. 


(a) After passage through animals. 

Films made from the seat of inoculation often contain many bacilli 
whose morphological characters do not entirely correspond with those 
of the organisms in the cultures from which the inoculation was made. 
In cultures made from the seat of inoculation, however, it is usually 
found that the organisms which grow are all of the same general 
morphological type as those in the original culture. Ohlmacher (1902) 
states that in one experiment a short, uniformly staining, Hofmann-like 
bacillus, after a passage through a guinea-pig, completely altered its 
morphological character in culture and became long and granular, 
and Hadley (1907) describes a D? type which “killed in 39 hours, with 
all the usual signs of diphtherial poisoning. When the organism was 
recovered it was found to be a barred variety.” Williams (1902) on the 
other hand observed no changes in morphology in Hofmann’s bacilli 
in cultures recovered from guinea-pigs after several successive intra- 
peritoneal passages through these animals, nor were any changes found 
after a sojourn of 48 hours in the body of an immune host (rat). 

In a few experiments recently made with Hofmann’s bacilli, obtained 
either from clinical cases of diphtheria or persons suffering from diph- 
theria-like diseases, the writer noticed no morphological changes in the 
cultures recovered from the tissues of inoculated rats. 


(b) In cultures. 

No observer appears to have noticed any changes in morphological 
type in Hofmann’s bacilli grown on various culture media for consider- 
able periods of time and then recultivated on serum. When grown 
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on broth, media containing sugars, hard-boiled egg, and various other 
substances long, and even segmented, or very short types may be seen 
after a few days’ cultivation. Transference of the organisms from such 
media on to serum invariably results in the culture exhibiting the 
ordinary Hofmann type, showing that no real change of type has 
occurred under these circumstances. 


(10) Evidence bearing on the Relationship of Diphtheria and 
Hofmann’s Bacillt derived from Preventive Measures. 


A number of outbreaks of diphtheria, both limited and extensive, 
have now been recorded in which the preventive measures have in- 
cluded the examination of contacts and other possible carriers of the 
disease, and the isolation of such as have been found infected with 
diphtheria bacilli. In several instances (Chapter XII) these measures 
have been highly efficacious and have resulted in the complete, or 
almost complete, cessation of the disease, although persons harbouring 
Hofmann’s bacilli have not been isolated or treated in any way. At 
the times when diphtheria is epidemic the conditions should prevail, 
if there are any, which are capable of turning Hofmann’s bacilli into 
diphtheria bacilli Yet in some of these outbreaks numbers of 
children harbouring Hofmann’s bacilli, when separated from those 
harbouring diphtheria bacilli, have remained perfectly well without 
any cases of diphtheria amongst them. Even Wesbrook (1905), who 
in one outbreak met with diphtheria bacilli morphologically resembling 
Hofmann’s bacilli, states in his most recent publications that in dealing 
with outbreaks the bearers of all other forms of diphtheroid bacilli 
than types A, C, D may be safely neglected. 

These facts, so far as they go, indicate that Hofmann’s bacilli 
under conditions which seem most suitable for the exaltation of their 
virulence, if they are really attenuated diphtheria bacilli, are incapable 
of giving rise to diphtheria. 


The Opinions of recent Investigators on the Relationship of the 
Diphtheria to the Hofmann’s Bacillus. 


In the previous sections the various observations bearing more or 
less directly on the relationship of the diphtheria to the Hofmann’s 
bacillus have been quoted, and in this section the views of some of 
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those who have worked at the subject within the last ten years! are 
given. Some of these observers have investigated the problem from 
several points of view, whilst others have made extensive inquiries 
into certain points which appeared to them of fundamental importance. 
Others have expressed opinions on the most superficial observations. 
The views of the latter have not been recorded. 

Those who consider that by artificial means they have succeeded 
in converting one organism into the other naturally believe in their 
identity. Of these Hewlett and Knight (1897) and Richmond and 
Salter (1898) are the most prominent. On various grounds, including 
experiments and observations on successive cultures from patients, 
Simonin and Benoist (1898), Lesieur (1901), Levin (1901), Gorham 
(1901), Ohlmacher (1902), and Behring all regard these organisms 
as very closely connected, if not identical. Salus (1902) regarded 
Hofmann’s bacillus as a diphtheria bacillus which had become 
saprophytic, but considered that no diagnosis of diphtheria should be 
given when it was found. Wesbrook (1900, 1905) seems to regard 
all of his types as variants of the diphtheria bacillus, but, nevertheless, 
considers that in dealing with epidemics the Hofmann type may be 
safely neglected. 

On the other hand a large number of observers have either de- 
finitely expressed the opinion that the organisms are distinct species, 
or that, whatever their relationship, Hofmann’s bacillus has no etio- 
logical significance in the causation of diphtheria. Others again have 
only investigated points of special importance in regard to relationship, 


1 The authority of Roux (1890), whose opinion justly carries great weight, has often 
been quoted in support of the idea that Hofmann’s bacillus is related to the diphtheria 
bacillus. But this is not right, for his remarks on the pseudo-diphtheria bacillus were 
made in comparatively early days, when the importance of acid-production had not been 
generally recognised, and before Hofmann’s bacillus had been clearly distinguished from 
the so-called non-virulent diphtheria bacillus. Indeed in speaking of the relationship of 
what he calls the pseudo-diphtheria bacillus to the true diphtheria bacillus, Roux distinctly 
said that the former produced acid. He, therefore, at that moment was not speaking of 
Hofmann’s bacillus, which forms no acid, but of what is generally now called the non- 
virulent diphtheria bacillus. It is only when he goes on to speak of the great frequency 
of the pseudo-diphtheria bacillus, both in Paris and in a country village, that one believes 
that he must have been then referring to Hofmann’s bacillus, for the non-virulent diph- 
theria bacillus is relatively uncommon. It is highly probable that he did not test the acid- 
production of all these bacilli, the importance of the test then not being recognised, and 
that he confused Hofmann’s bacillus, which forms no acid out of glucose, and is a common 
inhabitant of the throat, with the much rarer acid-forming non-virulent bacillus which 
cannot be distinguished by its appearance from the true diphtheria bacillus, and included 
them both in the term pseudo-diphtheria bacillus. 
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and have shown that no evidence could be obtained in favour of any 
connection between the organisms. Amongst such observers are the 
following, none of whom appears to attach any importance to the finding 
of Hofmann’s bacillus in cultures: Peters (1896), Neisser (1896), 
Prochaska (1896), Fraenkel (1897), Spronck (1897), Glucksmann (1897), 
Todd (1898), Franke (1898), Bergey (1898), Theobald Smith (1898), 
Preisich (1899), Garratt and Washbourn (1899), Lubowski (1900), 
Gromakowsky (1900), Cobbett (1901), Zupnik (1902), Williams (1902), 
Schabad (1902), Neumann (1902), Korchoune (1902), Gordon (1902), 
Schwoner (1903), Thomas (1904), Graham-Smith (1904), Lewandowsky 
(1904), Petrie (1905). 

Some of these investigators have expressed the opinion that 
Hofmann’s bacillus is frequently associated with an uncleanly con- 
dition of the mouth and teeth, and its more frequent occurrence 
amongst the children of the lower classes lends support to this view. 

A number of workers have expressed themselves as unconvinced 
by the arguments brought forward on one side or the other, and 
consider that the controversy cannot yet be regarded as settled. 


Summary of Chapter VI. 


Hewlett and Knight (1897) considered that by heating cultures of 
the diphtheria bacillus they had once succeeded in converting it into 
a Hofmann’s bacillus, but failed to bring about the transformation 
on other occasions. Other subsequent observers have also failed to 
confirm their statements, and even Hewlett (1904) has recently been 
unable to succeed. Trumpp (1896) also thought that he had brought 
about the same transformation by successive passages through guinea- 
pigs together with a non-fatal dose of diphtheria toxin. Hewlett and 
Knight (1897) as well as Richmond and Salter (1898) described 
experiments in which Hofmann’s bacilli were apparently converted into 
diphtheria bacilli, the former observers by prolonged cultivation, the 
latter by repeated passages through small birds. Neither of these 
experiments appears to have been successfully repeated, and even the 
virulence of Hofmann’s bacillus for the goldfinch has been denied. 

In view of the fact that these experiments were made several years 
ago, and have not been successfully repeated, and of the fact that much 
evidence has accumulated against the identity of the two organisms, 
great importance cannot be attached to these experiments, unless they 
can be confirmed by subsequent experimenters. 


G. S. GRAHAM-SMITH 263 


The results of the most recent and exhaustive experiments have 
shown that Hofmann’s bacillus produces no toxoids in culture, and 
moreover animals cannot be immunised against diphtheria bacilli by 
successive inoculations with cultures of this bacillus. 

Again the capacity for producing acid out of certain sugars is 
confined to the diphtheria bacillus, Hofmann’s bacillus being incapable 
of producing acid out of any of the substances which have been tested. 

The evidence of agglutination experiments also decidedly points 
against the connection of the two species. 

The general conclusion from these experiments, which have the 
most direct bearing on the relationship of the two organisms, is that no 
sufficient evidence has been produced in favour of their identity. In 
fact the most recent observations show, so far as they can, that these 
bacilli belong to distinct species. 

Very numerous other observations and experiments have been 
made which have some bearing on this question. 

Experiments have been quoted which prove that the majority of the 
morphologically typical diphtheria bacilli, which are found in healthy 
persons exposed to diphtheria, are fully virulent, and that they retain 
their virulence for long periods; in many instances up to the time of 
their final disappearance. Very little evidence can be produced for the 
statement, which is so frequently made, that during prolonged per- 
sistence in the throat diphtheria bacilli gradually lose their virulence. 
Experimental attempts to artificially decrease the virulence of diphtheria 
bacilli produce somewhat conflicting evidence, but show that under any 
conditions their attenuation is a matter of difficulty and uncertainty. 
Attempts to give virulence to totally non-pathogenic diphtheria bacilli 
have been almost uniformly unsuccessful, and even attempts to raise 
the virulence of lowly virulent bacilli have frequently failed. There is 
also no evidence to show that the virulence of diphtheria bacilli is 
altered by transference from one individual to another, or when different 
parts of the same individual are affected. Whatever the final verdict 
may be as to the relationship of the virulent diphtheria bacillus to 
the non-virulent form, no inferences can be made from it as to the 
relationship of the diphtheria bacillus to the Hofmann’s bacillus. 

It has frequently been asserted that diphtheria bacilli during 
convalescence gradually change their morphological type and become 
converted into Hofmann’s bacilli, but many of the investigations on this 
subject are for various reasons of doubtful value, and the assertion has 
certainly not been conclusively proved. In fact there is much evidence 
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to show that such a change does not take place. Changes of morpho- 
logical type do not seem to occur by transference from one individual 
to another. . 

According to some observers prolonged cultivation is apt to change 
the morphological type, according to others it is not. In regard to 
changes of morphological type by passages through animals the state- 
ments are conflicting. 

On the whole these experiments and observations also point to the 
conclusion that diphtheria and Hofmann’s bacilli are not related to one 
another. 

It has been asserted on various occasions that Hofmann’s bacilli may 
be pathogenic to man, but no bacteriological proof has been produced, 
and, except by one or two observers, Hofmann’s bacilli derived from all 
sources have been found to be non-virulent to guinea-pigs in fairly large 
doses. Attempts to give virulence to this organism or to change its 
morphological type have mostly been unsuccessful. Further the 
evidence derived from the bacteriological control of outbreaks of 
diphtheria, and the fact of the very general distribution of this 
organism are against the etiological significance of Hofmann’s bacillus 
in diphtheria. Finally most modern investigators appear to regard 
diphtheria and Hofmann’s bacilli as belonging to different species. 

An examination of even the most recent writings on the bacteriology 
of diphtheria shows that many workers are still content to found far- 
reaching conclusions on the morphology in culture alone. Some have 
not even gone so far but have based their statements on the direct 
examination of smears. In not a few of these papers it is evident that 
the writers are scarcely aware that the identification of bacteria depends 
on anything else than their morphological characters, and such 
important aids to classification as their action on sugars and the effects 
of animal inoculations are often not even mentioned. In fact it is not 
too much to say that much of the work that is published on problems 
apart from routine diagnosis is absolutely valueless. Some of the 
conclusions may be perfectly correct, but the statements are advanced 
without proofs, such as would be required in any other branch of 
bacteriology. Inquiries which have for their subjects such important 
questions as the occurrence of diphtheria bacilli in persons not recently 
exposed to diphtheria, their occurrence in apparently non-diphtheritic 
lesions, in unusual situations, in milk, animals, food-substances, dust or 
soil, require that the identity of the bacilli should be proved by every 
possible means, including the inoculation of guinea-pigs, both with and 
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without antitoxin. Yet on all these subjects papers have been written 
without the mention of any experiments to confirm the diagnoses 
founded on morphology. On such points as these the unconfirmed 
morphological diagnosis of even the most experienced observers cannot 
be accepted as proof of identity. 

Whilst it is highly desirable that those who make routine bac- 
teriological diagnoses should from time to time test the accuracy of their 
opinions founded on morphology by isolating and thoroughly examining 
bacilli from doubtful cultures, the necessity for this procedure is not so 
great as in work which is of the nature of research. In the former case 
no doubt a few patients suffer from inaccurate diagnoses, and the errors 
of the observer are likely to become more numerous as time goes on, 
but in the latter persons unacquainted with bacteriological methods are 
apt to accept unjustifiable conclusions on the prevalence of diphtheria 
bacilli to the great detriment of bacteriological preventive measures. 

Even when every means of identification have been used by 
practised observers conflicting statements are common as exemplified 
in this chapter. Many of these are probably due to the unfortunate 
confusion which has prevailed owing to the wide range covered by the 
term “ pseudo-diphtheria ” bacillus. 

There can be no doubt that Hofmann’s bacillus is a common 
inhabitant of the throats and noses of healthy persons, at any rate in 
this country. Moreover numerous experiments have clearly demon- 
strated that from whatever source they are derived they are non- 
pathogenic for guinea-pigs in ordinary doses. Further evidence is 
rapidly accumulating to show that many other species of diphtheria-like 
organisms are to be found in the throat, nose, eye, genital tract, and on 
the skin of healthy and diseased persons, some of which more closely 
resemble the diphtheria bacillus and others the Hofmann’s bacillus in 
morphology. “Since there are so many different forms or varieties of 
diphtheria-like bacilli it is quite possible that some of them are so 
closely related to the diphtheria bacillus that under certain conditions 
they readily develop its characteristics. This seems to be the only way 
to explain the apparent discrepancies in the results obtained by different 
observers” (Williams, 1902, p. 107). Such closely related varieties, if 
they exist, appear to be very rare. 

Whatever the ultimate conclusion on this point may be, it is evident 
that much of the work dealt with in almost every section of this chapter 
might be advantageously repeated and extended. Opportunities 
constantly occur to those who are engaged in this subject of testing the 
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accuracy of some of the observations. Many of these points are best 
worked out by very thorough experiments on a small scale, including 
all the necessary procedures for testing virulence under constant 
conditions, acid production, etc. In the case of inquiries into the 
change of type during long persistence in the throat or nose the influence 
of contaminating bacteria and other disturbing factors ought to be 
eliminated by the preparation of pure cultures. 

Even if it is eventually proved, contrary to the opinion here 
expressed, that certain strains of Hofmann’s bacilli represent saprophytic 
diphtheria bacilli, capable under artificial conditions of regaining 
virulence, this fact would not materially affect the conduct of bacterio- 
logical preventive measures unless proof was forthcoming that the 
change could also occur under natural conditions. 


CHAPTER VII. 


EXPERIMENTAL AND NATURAL DIPHTHERIA 
IN ANIMALS. 


The lesions of experimental diphtheria in guinea-pigs, rabbits, dogs, rats and 
mice, Experimental and natural infection in cats, cows and horses. Diphtheria 
bacilli in the blood and organs of experimental animals. Diphtheria-like bacilli 
foundin animals. Experimental lesions in birds. Observations on the relationship 
of avian to human diphtheria. Holmes’ observations. Summary. 


I. THe LEsions oF EXPERIMENTAL DIPHTHERIA IN GUINEA-PIGS. 


(a) Macroscopic Lesions. 


SUBCUTANEOUS inoculations of pure cultures of diphtheria bacilli 
into the abdominal walls of guinea-pigs cause death usually within 
three days, and in typical cases result in the following gross anatomical 
lesions. 

On removing the skin a grayish, necrotic, membranous focus is found 
at the seat of inoculation, frequently surrounded by a red zone of 
varying size. Underlying this area the abdominal wall is greatly 
congested. The subcutaneous tissue on the inoculated side is oedema- 
tous. The oedema may be slight, limited to a small area round the 
site of inoculation, or may extend over the entire side, and even into 
the neck, and in some cases over the median line to the opposite side. 
The oedema almost invariably assumes a gelatinous appearance, in some 
cases composed of pure yellowish serum and in others of serum stained 
with blood. The subcutaneous lymph glands of the axillary, inguinal, 
and cervical regions are usually haemorrhagic and swollen, the swelling 
being greatest on the side of inoculation. The pleural cavity frequently 
contains a considerable quantity of straw-coloured clear fluid, sometimes 
amounting to 12 cc. or more. The peritoneal cavity occasionally 
contains similar fluid, but less frequently and in smaller quantity. 
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Both the visceral and parietal layers of the peritoneum are usually 
injected and ecchymoses are present in many cases. The suprarenal 
glands always show intense congestion and in some instances may be 
haemorrhagic, the colour of the organs varying from pink to a very 
dark red. 

These are the principal lesions encountered in experimental diphtheria 
in guinea-pigs. Other gross lesions are, however, frequently met with. 
The lungs often show areas of congestion, and even consolidation. The 
liver is generally congested and often fatty. It occasionally shows on its 
surface macroscopic lines and dots, varying in size from a pin’s point to 
a pin’s head. Though the spleen is not perceptibly enlarged in all 
cases, yet in some it is markedly enlarged, and the kidneys are 
frequently hyperaemic. 

The mesenteric, retroperitoneal, mediastinal and bronchial glands 
are very frequently enlarged and often reddened, and the agminated 
glands of the coecum and ileum are generally abnormally prominent. 


(b) Histological Lesions. 


The seat of inoculation. Bacilli are to be found in the necrotic 
focus both free and in leucocytes, but they do not usually occur in the 
oedematous fluid at a distance from the focus. Sections made from the 
seat of inoculation show the bacilli in great numbers, and those stained 
by Weigert’s fibrin method exhibit in a striking manner the bacilli and 
fibrin. 

Welch and Flexner (1891) summarise the local changes in the 
following sentences. “The local action of the bacilli is of a most 
intense character. There is emigration and great destruction of 
leucocytes shown by the disintegration of their nuclei; the fixed cells 
of the part have undergone a similar fragmentation, nuclei of connective 
tissue and muscle have succumbed, and leucocytes have wandered into 
these areas, many of the latter being also destroyed.” 


Aaillary and Inguinal and other Lymph Glands. 


A very minute account of the histological changes found in the lymph 
glands is given by Welch and Flexner (1891) who regard the changes as 
very typical: “There are haemorrhages under the capsule and into the 
substance of the gland. The blood vessels here, as elsewhere in the 
body, contain a greatly increased number of leucocytes. The cells of the 


G. S. GRAHAM-SMITH 269 


glands are the seat of great changes. The principal lesions are in the lymph 
follicles, the lymph cords and lymph sinuses being also affected, though 
in less degree. Different follicles are affected in different degrees, 
but in no instances were the lesions entirely absent. The lesions 
consist of a marked alteration in the number, character, size, staining 
capacity and configuration of the nuclei making up the parts affected. 
The cell bodies are altered also, and an increased number of cells 
ditferimg from the lymphoid type are found. The first thing that 
attracts attention is the unusual number of deeply staining bodies in 
the tissue. ‘These bodies are observed to vary in size and shape, and 
under a sufficiently high power some of them are recognised as nuclear 
figures. 

They are usually however globular, and under a magnifying power 
of four hundred, range from fine dust-like particles to larger particles 
appearing with this power the size of a pin’s head. The finer particles 
are often aggregated into globular masses, which are now free and 
now enclosed in cells. There are, again, deeply staining particles present, 
which show decided bizarre forms. Imperfect crescents, flask-shaped, 
bladder-like, whetstone, angular, and dumb-bell forms are more or less 
common. Occasionally, nuclei appear as if one end were drawn out and 
constricted into a ball-like protuberance that is being pinched off. The 
globular particles are, at times, grouped together with the bizarre forms 
into larger masses; what particularly distinguishes these bodies from 
the normal nuclei which remain is the intensity with which they stain. 

All the chromatin particles, as before mentioned, are not within 
cells; indeed, as a rule, they do not occur in cells, though the number 
within cells varies considerably. In some glands much of this material 
is contained within globular cells several times larger than the lymphoid 
cells. In some sections these cells are observed to be present in 
considerable numbers, partly devoid of stained particles, or nearly so, 
but usually they are full of nuclear detritus. 

In certain spots there is almost an absence of stained cells and 
particles. In these places it is possible to distinguish outlines of cells, 
then a finer, granular, somewhat refractive, at times reticulated, material, 
and here and there a deeply stained particle. But there are always a 
few cells remaining that stain more or less, and amongst these cells are 
round cells, larger than the lymphoid cells. The portion stains with 
Weigert’s fibrin stain in such a manner as to indicate that the granular 
material is largely made of fibrin or of a substance allied to fibrin. 
There occur in the lymph sinuses more especially a considerable number 
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of round, or slightly oblong, cells, quite colourless in appearance, 
containing red blood corpuscles.” 

“An alteration similar to that just described is found throughout the 
lymphatic structures of the body: in the spleen, mesenteric glands, 
retroperitoneal glands, intestinal lymphatic apparatus (Peyer’s patches, 
solitary follicles, and diffused lymphatic tissue), the bronchial glands, 
mediastinal glands, and cervical glands. The only variation is one of 
degree. As far as our study has gone every gland examined has been 
more or less affected. The Spleen is often very rich in nuclear fragments 
and foci of coagulation necrosis.” 


Suprarenal Glands. 


The blood vessels are congested and haemorrhages are frequently 
present. Occasionally the medullary cells are distinctly hyaline 
(Welch and Flexner, 1891). 


Lungs. 


There are often haemorrhages under the pleura, and all the blood 
vessels of the lungs, including the capillaries, are often distended 
with blood, and even haemorrhages into the alveoli may be found. 
An exudation of leucocytes and fibrin may occur into some of the 
alveoli. Fragmentation of the nuclei, except in the epithelial lining 
of the larger bronchi, is not common in the lungs (Welch and Flexner, 
1891). 

Lnver. 


In sections of the liver the dots and lines already mentioned 
are found to be areas of dead hyaline liver cells. Leucocytes are 
commonly found in such foci. These appearances were first observed 
independently by Welch and Flexner (1891) and Dubief and Bruhl 
(1891) about the same time. Welch and Flexner (1891) called 
attention to intralobular haemorrhages due to rupture of the walls of 
the central veins of certain lobules, and stated that the walls of these 
vessels, which were quite refractive in the fresh state, showed after 
hardening a characteristic hyaline appearance. 


Kidneys. 


Fatty changes are found in the epithelium of the tubules and 
glomeruli of the kidney. Welch and Flexner (1891) laid stress on the 
hyaline alteration of the glomerular capillaries and smaller arteries, 
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and observed that a hyaline substance completely filled the lumen of 
some capillaries. 
Heart. 


Fatty degeneration is commonly found in the heart muscle. 
According to Flexner (1894) this depends more on the intensity of the 
poison than on the time of its action. Mollard and Regnaud (1897) 
found various degeneration changes, such as alteration or disappearance 
of striation and hyaline changes, as well as interstitial sclerotic lesions 
in the heart muscle of guinea-pigs dying 17 days after inoculation. 


Vessels. 


Mollard and Regnaud (x1. 1897) occasionally met with endarteritis 
in chronic cases. The same authors (vil. 1897) once met with atheroma 
of the aorta in a guinea-pig dying eight months after the injection of 
dilute toxin. 

Muscles. 


Abbott and Ghriskey (1893) noticed in sections made through the 
seat of inoculation that many of the muscle fibres were in a condition 
of hyaline degeneration and were here and there invaded by diphtheria 
bacilli. Sometimes the penetration would occur through the side of 
the fibre, sometimes from one end (Pl. XIII, fig. 3). 


Brain. 


Degeneration of the cells of the brain has been noticed, especially 
in prolonged cases, by Berkley (1897) and others. 


Intestines. 


Welch and Flexner (1891) carefully studied the intestinal lesions. 
The cells of the villi and their epithelium showed lesions which varied 
in intensity. “The most striking changes consisted in a fragmentation 
of the nuclei of the cells in the villi, especially of those surrounding 
the central vessels, a disappearance of a large number of cells and the 
presence of large round cells, similar to those described in the part 
of the lymph glands most affected. These larger cells often showed 
a very slight staining power, and shadows of cells were not uncommon. 
The nuclei of the epithelium were distinctly and extensively frag- 
mented. Nuclear figures were to be seen and saprophytic bacteria 
were found in the necrotic tissue. These fragmented nuclei partook 
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of the same characters as those already described, and exhibited the 
same intense affinity for staining agents.” 


Cells in the pleural effusion. 


Courmont and Arloing (1901) found that the cells in the pleural 
effusion in most guinea-pigs consisted almost entirely of various forms 
of lymphocytes. In one animal only were polynuclear cells present 
to the extent of 25°/. 

The writer has recently made differential leucocyte counts in films 
made from the deposit obtained by centrifugalising pleuritic effusion, 
which do not bear out the above statement. In ten examples the 
proportion of the various cells in each case was nearly identical. 


Hyaline cells and lymphocytes sol ... 44997, 
Finely granular eosinophile cells bs 5 SZOGT 


Coarsely granular eosinophile cells... oon) MNO DIOB ire 


Leucocytes. 


The number of leucocytes in the blood is increased (Park, 1900). 


Intraperitoneal inoculation. 


Intraperitoneal inoculation produces similar changes to subcutaneous 
inoculation, except for the absence of subcutaneous lesions. At the 
autopsy the inflammatory manifestations in the peritoneum are more 
marked. Roux and Yersin (1889) were the first to point out that 
with intraperitoneal inoculations these animals take longer to succumb, 
than when subcutaneous injections are given, 


PLATE XIII. 


Fig. 1. Area of necrosis at the seat of inoculation in cow No. 1 (p. 285), showing the 
condition of fragmentation of the cell nuclei and clumps of irregularly stained 
B, diphtheriae. Stained with Bismarck brown and Gram’s method. (In the original 
plate the bacilli appeared violet, the tissues brownish-yellow, the nuclei ete. darker 
brown.) Leitz 7, Oc. 4. (From Abbott (1893), Plate, fig. 1.) 

Fig. 2. Section through focus of leucocytes located in the omentum of a guinea-pig between 
the layers of the peritoneum. Leitz Obj. 3, Oc, 1. 

Fig. 3. Hyaline muscle fibres from the seat of inoculation showing penetration of the 
bacilli into them. Stained with eosin and methylene blue. Leitz Obj. 7, Oc. 3. 

Fig. 4. Contents of one of the foci (Fig. 2) dried upon a cover-slip and stained with 
Loeffler’s blue. Leitz ;4, Oc. 3. 
(Figs. 2, 3 and 4 are from Abbott and Ghriskey (1893), Plate, figs. 1, 4 and 2. Figs, 2 

and 3 in the original are stained red and blue, and fig. 4 blue.) 
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Tracheal inoculation. 


By inoculating the abraded mucous membrane of the trachea with 
cultures a pseudo-membrane can frequently be produced. Roux and 
Martin (1894) observed the extension of such membranes down to the 
primary ramifications of the bronchi. Belfanti (1896) produced only 
bronchopneumonia by the injection of cultures into the uninjured 
trachea, but similar experiments by Henke (1898) gave negative 
results. 


Inoculation of mucous surfaces. 


Loeffler, Roux and Martin (1894) and many later observers have 
produced pseudo-membranes by the inoculation of the abraded mucous 
membrane of the vagina. Henke (1898) observed that sometimes 
oedema alone without membrane was produced. These pseudo-mem- 
branes resemble histologically those of the human subject. 


Cornea. 


Pseudo-membranous inflammation may be produced by rubbing 
cultures into the abraded surface of the cornea. 


Inoculation into the testes. 


Abbott and Ghriskey (1893) were the first to describe certain 
lesions of the omentum, which could be only produced with certainty 
by the injection of cultures into the testes. The lesions consist of 
minute yellowish, lens-shaped foci located in the omentum, usually 
between its peritoneal layers, and are most common near the free 
margin. When visible to the naked eye they are rarely larger than 
the eye of a small cambric needle and of about the same shape. The 
histological structure of these nodules is simple, the foci consisting of 
polynuclear leucocytes, the majority of which contain diphtheria bacilli 
(Pl. XIII, figs. 2, 4). 

“A point of particular interest in connection with the cases in 
which the injection had been made into the testicle was the diminu- 
tion of oedema of the superficial tissues, and its increase in the tissues 
of the abdominal cavity. In two of the cases straw-coloured fluid was 
not only found free in the peritoneal cavity, but the small intestine was 
practically filled with fluid and its walls were intensely oedematous.” 

N. D. 18 
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Paralyses. 


Various paralyses accompanied by lesions of the nerves and cells of 
the central nervous system may be produced in guinea-pigs and other 
animals by the injection of cultures simultaneously with or followed 
by antitoxin, or by the injection of small doses of toxin. The paralytic 
phenomena are dealt with later (Section V), 


II. Tue LESIONS OF EXPERIMENTAL DIPHTHERIA IN RABBITS. 


Guinea-pigs have been almost universally used to determine the 
identity and pathogenic powers of diphtheria bacilli. Rabbits are, 
however, susceptible to inoculations of diphtheria bacilli and their 
toxins, though life is more prolonged than in the case of guinea-pigs. 
These animals have, however, been used for the study of various lesions. 


Time of Death. 


Death may occur in four days with the injection of virulent cultures, 
or life may be prolonged for months when small doses of old cultures 
are given. 


Leucocytes. 


Schlesinger (1902) studied the blood cells in rabbits inoculated with 
virulent cultures. He observed that two hours after injection there 
was a hypoleucocytosis, but later a hyperleucocytosis. 


Subcutaneous inoculation. 


The animals die in four days or more, depending on the quantity 
injected. The following lesions are found at the autopsy: subcutaneous 
oedema is always present and is often very extensive, and sometimes 
it is haemorrhagic. The axillary and inguinal glands are swollen and 
the histological lesions are found to be the same as in guinea-pigs. 

The liver is friable and yellowish with fatty degeneration (Roux 
and Yersin, 1888). In one instance Welch and Flexner (1891) found 
an extensive diffuse fatty degeneration of the liver tissue. The cells 
stained very imperfectly, many not at all. The nuclei of the liver 
cells were in many places in a state of disintegration or fragmentation ; 
a few of division. The cells throughout entire lobules were affected. 
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The lungs are usually not affected, and exudation into the pleura 
is exceptional. 

The kidneys generally show fatty changes in the epithelium of 
the tubes and glomeruli. 

Fatty degeneration of the heart is very common. Mollard and 
Regnaud (1897) observed well-marked atheroma of the aorta in one 
instance in a rabbit which died six months after the injection of toxin. 

There is usually much congestion of the mesentery and omentum, 
and ecchymoses are frequently present. The intestinal villi show the 
same changes as in guinea-pigs. 

Trambusti (1896) investigated the marrow, and found that in the 
early stages there was an unusual amount of cell division, but as the 
disease progressed degenerative changes were found in the giant cells 
and leucocytes. 

Croeq (1895) made careful investigations on the nervous lesions 
occurring in rabbits inoculated with four months’ old cultures, under 
which conditions the animals lived for periods varying from one to 
three months. He states that lesions are found in the cord and 
nerves, rarely in the medulla, and never in the brain. These lesions 
consist of swelling of the nerve cells, loss of their protoplasmic pro- 
longations, disappearance of nuclei, and extensive proliferation of the 
cells of the ependyma. Acute myelitis is rare. The lesions of the 
nerves appear from the fifth day onwards. The axis cylinder seg- 
ments, the protoplasm becomes more abundant, the myelin becomes 
granular and is absorbed, and finally the axis cylinder disappears. 
Of the nerve roots the anterior alone are affected. In the rabbit it 
seems that the cord lesions precede those cf the nerves. 


Intravenous inoculations. 


Loeffler observed that death did not invariably follow intravenous 
inoculations, but Roux and Yersin (1888) found that all the animals 
thus treated died in about 60 hours with a dose of 1 c.c. Metin (1898) 
and others have found that intravenous injection is usually fatal. 

At the autopsy Roux and Yersin (1888) found general congestion 
of the abdominal organs, dilatation of the vessels, swelling of the glands, 
marked nephritis, and fatty degeneration of the liver, which had a 
yellow tinge. In animals which did not die so rapidly typical paralyses 
followed. 

Meyer (1902) produced endocarditis of the injured valves by direct 
injection of diphtheria culture into the heart. 

18—2 
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Tracheal inoculation. 


Loeffler, Roux and Yersin (1888), Bardach (1895), Henke (1898), 
and others have found that inoculations with cultures onto the 
abraded tracheal mucous membrane after preliminary tracheotomy 
produce pseudo-membranes. The disease so produced is almost always 
fatal. The rabbits breathe with difficulty, and the membrane is apt 
to spread from the trachea to the fauces. Oedema of the tissues and 
enlargements of the glands of the neck are constantly present. Henke 
(1898) states that the pseudo-membrane consists of a fibrinous network, 
enclosing in its meshes leucocytes and cast-off epithelium. In the 
place of the normal epithelium a cloudy layer is seen representing it. 
The submucous layer is infiltrated with leucocytes and shows exudation 
and haemorrhage. Bacilli are found in the membrane but not in the 
submucous layer. 

Flexner and Anderson (1898) made very extensive investiga- 
tions on the -introduction of cultures through tracheotomy wounds 
without further injury to the mucous membrane. Only sniall patches 
of congestion occurred in the trachea, but the lungs were often com- 
pletely consolidated and presented a peculiar semi-gelatinous appearance. 
On section oedematous fluid escaped in small quantities. In several 
cases cultures from these lungs were negative, but others yielded 
diphtheria bacilli. In some instances, however, pneumonic processes 
in the lungs were not provoked. 

Cultures made from the lungs of rabbits killed 1, 34, 6, 12, and 
18 hours after injection showed bacilli, but cultures from animals 
killed 24 hours after moculation remained sterile. Their examinations 
proved that the bacilli were rapidly taken up by the cells, but not 
by the polymorphonuclear leucocytes. 

Lack (1899) was able to produce a pseudo-membranous inflamma- 
tion of the trachea in a rabbit with a culture derived from a case 
of fibrinous rhinitis. 

Stecksen (1900) was unable to produce pseudo-membranes with 
killed cultures. 


Conjunctival inoculation. 


Babes (1890) experimented with a number of rabbits and found 
that inoculation of the conjunctiva with cultures gave rise to thick 
exudates in 24 hours. Some of the animals died in eight to 15 days, 
and some developed paralysis and eventually died. The exudate 
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consisted of a fibrinous material containing fragments of cells and a 
few bacilli, and histologically resembled human diphtheria membrane. 
Several subsequent observers have confirmed the observation that 
pseudo-membranes may be produced by inoculations onto the injured 
cornea and conjunctival mucous membrane. 


Ill. THe LEsions oF EXPERIMENTAL DIPHTHERIA IN Docs. 


Dogs are susceptible to the action of the diphtheria bacillus and 
its products, but they have not been very extensively used for experi- 
mental purposes. The principal lesions produced by the subcutaneous 
injection of cultures are the same as in rabbits, extensive oedema, 
fatty lesions of the heart, etc. Lesions of the nervous system seem 
to be very easily produced in these animals, both by the injection 
of toxins and of living cultures. Roux and Yersin (1889) record 
experiments on dogs in one of which a dog died stupid and paralysed 
three days after subcutaneous inoculation, and in another in which 
the animal died in the same condition four days after tracheal in- 
fection. No pseudo-membrane was found in the trachea at the autopsy. 


IV. EXPERIMENTAL DIPHTHERIA IN RATS AND MICE. 


It has long been known that rats and mice are extremely resistant 
to diphtheria bacilli and their toxins. Unless enormous doses are 
injected the animals are not affected. Roux and Yersin (1888, p. 661), 
for example, inoculated a mouse subcutaneously with °3 c.c. and another 
with 1 ¢.c. and two others with 2 cc. of a filtrate, which was capable 
of killing a 350-grm. guinea-pig in a dose of ‘2c.c. None of the animals 
were affected in any way. A young rat was inoculated with 2 c.c., also 
without any ill effect. Cobbett (15. Iv. 1899) made some experiments 
to test the relative resistance of rats and guinea-pigs to diphtheria 
toxin. He concluded that “the white or black rat of 100 grams 
weight is only relatively insusceptible to the action of the products 
of the diphtheria bacillus, and succumbs to the subcutaneous injection 
of filtered cultures, in quantities which are, weight for weight, from 
1500 to 1800 times as great as those which suttice to kill guinea-pigs 
of 250 grms.1” The tissues are but little affected locally by the in- 
jections of large quantities of filtrate, and have not been observed to 
suffer necrosis. These results are not due to the presence of anti-toxin 
in the blood, as it has never been found in the blood of normal rats. 


1 Goodman (15. vi. 07) finds that it requires 3500 times the guinea-pig lethal dose to 
kill full-grown rats. 
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Roux and Yersin (1888) found that to kill a mouse it was necessary 
to inject 80 times the fatal dose for a guinea-pig, and that rats also 
resisted very large quantities. 

Some of the writer's recent experiments with living cultures gave 
the following results. Out of five rats subcutaneously inoculated with 
large doses of virulent cultures, one died in four days with a collection 
of pus in the right pleural cavity and another between the liver and 
the diaphragm. Cultures from these abscesses yielded pure growths 
of the diphtheria bacillus. In another rat killed 120 hours after 
inoculation a small abscess containing diphtheria bacilli was found. 
The others were killed 48, 72, and 168 hours after injection re- 
spectively, but no lesions were discovered. From the first of these 
animals cultures were obtained from the site of injection, but not 
from the others. Rats inoculated with non-virulent diphtheria bacilli 
and Hofmann’s bacilli showed no lesions. From some of these animals 
killed 48 hours after inoculation cultures could be obtained from the 
site of inoculation, but not from those killed later. The blood and 
organs in all cases were sterile. 

v. Hibler (1896) calls attention to, and illustrates the presence of 
large numbers of diphtheria bacilli in the cells of the peritoneal 
exudate in mice five hours after the injection of diphtheria bacilli. 

No instances of natural infection in guinea-pigs, rabbits, dogs, rats or 
mice have been recorded. 


V. EXPERIMENTAL DIPHTHERIA IN CATS. 


Klein (1888) produced diphtheritic lesions in cats by rubbing fresh 
diphtheria membrane onto the abraded surfaces of the cornea and palate. 
In 24 hours the parts became congested. After 48 hours the con- 
junctiva was greatly swollen, and the eye closed, and a muco-purulent 
material flowed from it. The cornea was opaque, and the palatine 
arch covered with a thin whitish-yellow film. After 72 hours the 
oedema and swelling had increased and the cornea was ulcerated and 
covered with an adherent membrane. The palate symptoms increased 
up to the 10th day and then gradually subsided. The eye symptoms 
only began to subside in two or three weeks. Eventually both lesions 
entirely healed. A second series of cats inoculated from the first went 
through the same course of events, with the exception of one which 
died on the 4th day. Similar lesions were produced in cats by the 
application of diphtheria cultures to the abraded surface of the 
conjunctiva (1889, p. 157). 
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Subcutaneous inoculation. 


Klein (1889, p. 165) made several observations on the effects of 
subcutaneous inoculations of diphtheria cultures in cats. Six cats 
were inoculated in the groin and all showed considerable swellings 
on the 8rd day. Two died on the 5th day, two on the 10th day 
and two on the 11th day. 

The autopsies in all cases showed extensive subcutaneous hae- 
morrhagic oedema, and an almost gangrenous condition of the tissue 
in some places. The spleen and liver were only slightly congested, 
but the condition of the kidneys was remarkable. These organs were 
enlarged and the medulla congested, but the cortex was gray or 
yellowish-white in colour. Under the microscope the cells of the 
renal epithelium, especially those of the convoluted tubules, showed 
extensive fatty degeneration and breaking down into granular débris. 
Seven other cats similarly inoculated died between two and seven 
days after injection, and showed the same changes. Two cats in- 
oculated simultaneously on the cornea and subcutaneously in the 
groin showed marked eye changes, with only slight signs on the groin. 
When killed after 19 days only slight renal changes were found. 


Tracheal inoculations. 


Broth cultures injected directly into the trachea by means of a 
syringe pushed through the anterior wall caused death in one animal 
in 26 hours, and another became paralysed in the hind limbs and 
very ill on the 6th day. The autopsy on the second animal showed 
a bronchopneumonic condition of the lungs, enlargement and _ fatty 
degeneration of the liver, and enlargement of the kidneys. The 
cortex of these organs was a uniform whitish-yellow mass. In micro- 
scopic sections of the lung characteristic diphtheritic false membranes 
were found in the bronchi and fibrinous exudation in the infundibula. 
Diphtheria bacilli were cultivated from the lungs (Klein, 1889, p. 159). 

Welch and Abbott (1891) found that the application of cultures 
to the abraded tracheal mucous membrane in kittens produced typical 
diphtheritic false membranes in the trachea. The animals died in a 


few days. 
Feeding experiments. 


Klein (1890, p. 229) fed two cats on several occasions with milk 
mixed with diphtheria bacilli. The animals became thin, but showed 
no prominent symptoms. They were eventually killed after three and 
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four weeks respectively. Both showed greatly enlarged livers and 
large kidneys with a white cortex, and the lungs of one showed 
patches of gray hepatisation. Klein remarks that “from this experi- 
ment it is seen that by repeated feeding with cultures of the diphtheria 
bacillus distributed in milk, unquestionable diphtheria disease can be 
produced in the cat.” 

According to all Klein’s experiments a fatty condition of the cortex 
of the kidney is very characteristic of diphtheria in cats. 


Accidentally acquired diphtheria. 


A cat placed in a cage with another, which had been inoculated 
on the cornea, also developed a conjunctivitis which was less severe, 
but resulted in ulceration (Klein, 1889, p. 158). 

During some of Klein’s (1889, p. 174) experiments on cows (p. 283) 
the cats in a certain shed were fed by mistake on milk containing 
diphtheria bacilli. In this shed a series of animals became ill during 
a period of two months, though healthy when procured. They suffered 
from an acute catarrhal affection of the conjunctiva and respiratory 
passages. Sixteen animals in all were affected and seven died after 
becoming much emaciated. At the autopsies the prominent patho- 
logical changes were lobular pneumonia, with fibrinous exudation 
containing diphtheria bacilli in the bronchi and infundibula, and 
enlarged kidneys with fatty degeneration of the cortex. In one 
animal there was a false membrane in the larynx and trachea in which 
diphtheria bacilli were found. 

Nine months (1900, p. 285) later a similar outbreak occurred, but 
the source of infection was not found. In those animals which died 
the gross anatomical changes were similar to those just described, and 
in one there was a membrane in the larynx and trachea containing 
morphologically typical diphtheria bacilli. 


The natural disease in cats. 


A general impression prevails that cats contract diphtheria from 
human subjects, and very numerous instances are quoted in the litera- 
ture’ of cats, apparently suffering from diphtheria, communicating it 


1 Instances are given in considerable detail in the following papers :—Turner, G., Local 
Government Board Report, Vol. xvi. p. 309, 1886. Bruce-Low, Ibid. Vol. xviu. p. 131, 
1888. Letters by Drs Downes, Shirley-Murphy, and Thersfield quoted by Klein, Ibid., 
Vol. x1x. p. 163, 1890. Symes, J. O. (6. vr. 1896), Brit. Med. Journ., Vol. 1. p. 1385, 
and Gray, H. (81, 11. 1896), Journ. of Comp. Path. and Therap. Vol. 1x. p. 46. 
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to children, and other examples are cited of cats, although remaining 
quite well, being the only probable carriers of infection. Very few 
of these cases seem to have been bacteriologically examined, and in 
no instance has the presence of diphtheria bacilli been satisfactorily 
proved. 

Klein (1889, p. 162) made autopsies on several occasions on cats 
which were regarded as carriers of the disease. One had become 
paralysed, and all showed the lesions which he described as charac- 
teristic of experimental diphtheria in cats. Diphtheria bacilli were 
not, however, cultivated from any of them. 

Dowson (1895) records the examination of a cat which “was un- 
doubtedly suffering from diphtheria.” This animal became ill 14 days 
after a child in the house had died of diphtheria. It was killed on 
the 8th day of the disease. The autopsy showed the lungs to be in a 
condition of disseminated pneumonia, but all the other organs were 
healthy including the mouth, nares, larynx, and trachea. The kidneys 
were not examined. Cultures made from the lungs gave pure culti- 
vations of an organism morphologically resembling the diphtheria 
bacillus, which was not, however, further investigated. In another 
cat, which he examined under similar conditions, the kidneys were 
found to be in the condition of fatty degeneration described by Klein, 
and the lungs showed some suppurating areas. From the latter, 
amongst other organisms, a few colonies of bacilli resembling those 
found in the first cat were discovered. 

As an example of a case in which a cat was the probable carrier 
of the disease, an interesting observation by Low (1888, p. 1381) may 
be quoted: “A little boy was taken ill with what turned out ulti- 
mately to be diphtheria. On the first day of his illness he was sick, 
and the cat which was in the room at the time licked the vomit off 
the floor. In a few days (the child meanwhile having died) the animal 
was noticed to be ill, and her sufferings were so severe and so similar to 
those of the dead boy that the owner had her destroyed. During the early 
part of its illness this cat had been let out at nights in the back yard as 
usual. A few days later the cat of a neighbour, who lived a few doors 
further off, was noticed to be ill. It had also been out in the back 
yard at night. This second animal, which, however, recovered, was the 
pet and playfellow of four little girls, who, grieved at the illness of their 
favourite, nursed it with great care. All four girls developed diphtheria, 
their mother being convinced they got it from the cat, and indeed no 
other known source of contact with infection could be discovered.” 
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VI. . EXPERIMENTAL DIPHTHERIA IN Cows. 


Klein (1889, 1890) made several experiments on cows for the 
purpose of determining whether cows could be so infected with diph- 
theria bacilli that the latter made their appearance in the milk. 
The first experiments (1889, p. 168), simultaneously carried out on 
two cows, are quoted below at some length. Two healthy cows were 
chosen which had calved respectively three and four weeks previously. 
Each received under the skin of the left shoulder one hypodermic syringe 
full of broth culture of very virulent diphtheria bacilli incubated for 
three days at 37°C. On the third day a soft tender tumour about the 
size of an orange could be felt in each at the site of injection. The 
tumours increased in size for a few days, and then gradually decreased 
and became firm. The only constitutional disturbance noted during 
the first week was a slight rise of temperature during the 2nd and 
3rd days in both cows. 

On the 4th day a small vesicle appeared on the hind teat of 
cow No. 2, and others on the udder near to it. On the 5th day the 
vesicle had become covered with a brown crust, and the skin around 
was indurated. At this time there were on the udder several vesicles, 
some containing clear serum and others containing pus. All were 
slightly raised on a slightly injected corium. On the removal of 
one of the crusts an ulcer was exposed covered with a purulent film. 
The pustules and crusted ulcers differed in size; some measured not 
more than 4 of an inch in diameter, others measured up to 4 inch. 
The numbers of the vesicles had increased on the 6th day. In all 
cases there first appeared a vesicle filled with clear serum, which 
became a pustule, and later an ulcer covered with a crust, which 
gradually healed, the whole process occupying 6—8 days. From 
these lesions diphtheria bacilli were recovered in culture. A similar 
series of lesions occurred in cow No. 1. 

Cow No. 1 became very ill by the 13th day and died on the 
14th. At the autopsy a tumour about four inches square was found 
at the site of injection, consisting of laminae of fibrous tissue and 
necrotic material, and closely connected with the skin and underlying 
muscle. On section clear fluid oozed from the mass. The neighbouring 
lymph glands were enlarged, the upper lobes of the lungs and the 
kidneys congested, and the liver showed numerous gray necrotic patches. 
Cow No. 2 became ill and was killed on the 25th day. The lesions 
found at the autopsy were very similar. 
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‘Microscopic sections made from the substance of the tumour 
showed necrotic reticulated masses containing large and small aggre- 
gations of the diphtheria bacilli. These aggregations of bacilli extended 
into the muscular tissue nearest to the septa, in fact the implication 
of the muscular fibres by the gradual growth into them of the masses of 
bacilli could be easily traced. Further, careful microscopic examination 
of the masses of bacilli in the necrotic portions of the tumour, as also 
of those implicating the muscular fibres, revealed the. following re- 
markable fact, namely, that many bacilli had become threads, some 
of considerable length, and containing granules in their course, charac- 
terised by intermediate or terminal buds or swellings, spherical, oval, 
or flask-shaped. In a word, the organisms had taken on forms, which 
are but exaggerations of what has been before observed in cultures of 
this bacillus.” “That these threads in the tissue of the tumour 
had been really developed from the diphtheria bacilli was proved by 
the circumstance that all intermediate forms between the typical 
diphtheria bacillus and these hyphae-like threads could be everywhere 
seen in the same microscopic section: and as well by the fact that 
every one of the colonies in the cultures obtained from the tumour 
were found to be pure diphtheria bacilli.” 

On the 5th day of the experiment a teat of cow No. 1, which 
was still normal, was cleansed and scrubbed, and milk collected from 
it into sterile tubes with every precaution against accidental con- 
tamination. From this milk diphtheria bacilli were cultivated in 
small numbers (about 32 colonies per c.c.). 

With scrapings taken on the 6th day from the eruptions of cow 
No. 2 two calves were inoculated in subcutaneous incisions of the 
belly and groin. On the 6th day after the inoculation red papules 
appeared, and on the 8th vesicles formed, and continued to appear for 
18 days, going through the stages already described in the cows. 
The animals developed a muco-purulent discharge from the nose, and 
a cough, and showed difficulty in breathing, and they fed very little. 
The lung trouble increased, and they became thin, and were killed 
on the 25th day. The autopsies showed enlarged oedematous inguinal 
glands, general congestion of the lungs with consolidation of the upper 
lobes, and well marked fatty degeneration of the cortex of the kidneys. 

Further experiments with four cows (subcutaneous inoculation of 
cultures) resulted in the death of the animals, and similar lesions 
were found at the autopsies as in the first animals, but the teats and 
udders remained normal and no diphtheria bacilli could be cultivated 
from the milk. 
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Another set of similar experiments with two cows (Nos. 7 and 8) 
resulted, however, in the formation of eruptions on the teats and udders 
similar to those in cows 1 and 2. From the milk of cow 8 diphtheria 
bacilli were isolated. Inoculations with old, rather attenuated, cultures 
of diphtheria bacilli only produced slight swellings and little consti- 
tutional disturbance. 

Two other cows (Nos. 9 and 10) were subcutaneously inoculated 
with broth cultures, and in one an ulcer appeared on the base of a 
teat on the 8th day. Each cow had a sucking calf, both of which on 
the 9th day showed vesicles surrounded by red areas on the upper 
lip. In the next few days several vesicles developed round the earlier 
ones. No cultures appear to have been made from these lesions. No 
diphtheria bacilli were found in the milk of these cows on the 10th 
day after inoculation, ze, on the day subsequent to the appearance 
of the eruption on the lips of their calves. A calf subcutaneously 
inoculated with a virulent culture developed a large, soft, tender 
swelling over which the epidermis desquamated in large flakes. Cultures 
of diphtheria bacilli were obtained from the swelling. 


Cutaneous inoculations. 


Five calves were inoculated along incisions in the abdominal wall, 
two with cultures of diphtheria bacilli, and three with fresh human 
diphtheria membrane. In three days the incisions became tumid 
and red, and later the central portion developed a thin linear crust 
with indications of vesiculation at the edges. In those inoculated 
with cultures the condition subsided, but in those infected by means 
of membrane the condition went on to ulceration. 


Feeding experiments. 


Feeding experiments with broth cultures on two cows produced no 
results. 


Abbott (1894) repeated some of Klein’s experiments on the sub- 
cutaneous inoculation of cows, but did not confirm his results. One 
of the two cows he used was tuberculous and died in 16 days. No 
eruptions occurred on the teats, but a tumour developed at the site 
of inoculation. The tumour consisted of a peripheral zone of fibrous 
tissue and an internal necrotic mass containing muscle fibres and 
connective tissue in various stages of degeneration. In some parts 
there was only a reticulum of fibrin with fragments of cells. Although 
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clumps of diphtheria bacilli could be seen in sections of the tumour none 
could be cultivated (Pl. XIII, fig. 1), The second cow was healthy and 
suckling a calf. She developed a swelling at the site of inoculation but no 
eruptions on the teats, and was killed on the 20th day. At the autopsy 
the lungs were found to be normal, but the liver showed three yellowish 
fatty patches and the kidney one small fatty area. The milk of both 
the animals was studied for nine days after the inoculation and all 
suspicious bacilli were isolated and tested, but no diphtheria bacilli 
were found. Abbott consequently thought that diphtheria bacilli did 
not pass into the milk as described by Klein. Ritter (1896) also 
attempted to repeat Klein’s experiments, but failed to show that the 
diphtheria bacilli passed into the milk. 

Klein (1894) replied to Abbott’s criticisms, and raised certain objec- 
tions to his experiments and deductions. He showed that Abbott had 
only seen the accounts of his first two experiments and not those of the 
remainder which confirmed them, and argued that the animals used 
by Abbott were not fit subjects for the experiment, in that one was 
tuberculous and the other in poor condition, He also considered that 
the cultures used were unsuitable, since they were not very virulent 
as proved by Abbott’s experiments with them on guinea-pigs, the 
slight reaction produced in the cows, and his inability to grow them 
from the local lesion. 


Spontaneous infection in the cow. 


Thorne-Thorne (1891), in reviewing the chief epidemics of milk- 
diphtheria in England, sums up as follows: “On each occasion of 
milk-diphtheria to which I have referred there has been some evidence, 
more or less precise, of some cow ailment, so far trivial, it is true, as 
to be ignored by those versed in bovine diseases, but either affecting 
the physical properties of the milk, or being associated with some 
vesiculation and later on with ‘chapping’ or ‘scabbing’ of the udder 
and the teats.” . 

Klein (1890) after his experiments pointed out that in two out- 
breaks of diphtheria, one near Croydon and the other near Bishop’s 
Stortford, lesions occurred in the udders of the suspected cows, having 
the same characters as those produced by experimental inoculation. 
He did not claim, however, to have demonstrated bacteriologically 
either the diphtheritic character of the lesions or the presence of the 
bacillus in the milk, Although these facts were pointed out many 
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years ago, only two observations have been published claiming to have 
demonstrated the presence of diphtheria bacilli in the lesions of cows. 
One was the interesting outbreak investigated by Dean and Todd .- 
(1902). The milk of two cows was used chiefly by the family of the 
owner and his servants and the surplus was sold to a few individuals. 
Two of these persons suffered from typical diphtheria and_ several 
had sore throats. The cows were found to be suffering from a disease, 
which had commenced about 10 days before, characterised by the 
following lesions. On the udders and teats of both papules and 
ulcers covered with dark brown scabs were present. The papules 
were, on the average, the size of a pea, and had a markedly indurated 
base which extended into the subcutaneous tissue. No vesicles were 
seen at this examination. The majority of the lesions were in the form 
of ulcers covered with dry brown crusts and varied from 2 to 2°5 cms. 
in diameter. On removing the crust from one of these ulcers there 
was exposed a slightly moist, fairly smooth surface, with an elevated 
puckered cicatricial-looking margin. The largest lesion at this stage 
on the udder measured 2 x 1 inches. 

In cow 1 there was no evidence of mammitis, there was an abundant 
secretion of apparently normal milk, and the general health appeared 
to be little, if at all, affected. In cow 2 there was a distinct mammitis 
affecting a posterior quarter of the udder. In this case the milk was 
scanty, ropy, and semi-purulent looking. Cultures, taken from the 
lesions and from the milk of both cows, showed typical virulent 
diphtheria bacilli, whose effects on guinea-pigs could be neutralised 
by antitoxin, The toxigenic power of bacilli from three sources, 
namely, from the lesions and milk of cow 1 and the throat of a 
patient, was tested, and was found to be the same. 

As controls cultures made from the teats of 13 apparently healthy 
cows in a small dairy farm showed no diphtheria bacilli. 

With a view of further investigating the condition a healthy cow 
(No. 3) was milked immediately after the diseased ones by the same 
attendant. ‘This animal developed several vesicles on the teats, but 
diphtheria bacilli could not be grown from the contents. Crops of 
papules continued to develop for a fortnight. 

Two calves were shaved and scarified on the abdomen and inocu- 
lated with crusts from the experimentally infected cow No. 3. These 
animals developed papules, followed by shallow ulcers covered with 
brown crusts, but diphtheria bacilli could not be found in the lesions. 

From these experiments the authors came to the conclusion that 
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the lesions in the cows were not due to the diphtheria bacillus, but 
that the latter had probably been superadded to them in some way 
and multiplied in them. 

The second example was investigated by Ashby (1906). By its 
distribution he became convinced that a diphtheria epidemic, which 
occurred between July 31st and August 26th, 1904, in the villages of 
Twyford and Ruscombe, contaiming about 2250 persons, was spread by 
infected milk. In all 75 persons living in 43 houses were attacked, of 
whom 64°/ were over 15 years of age. These cases were proved by 
bacteriological examination. Milk was supplied to the two villages by 
three dairymen, who may be designated X, Y, and Z. One of the 
houses invaded by diphtheria was supplied by X, 15 of them were 
supplied by Y alone, 17 were supplied by Z alone, and 10 were supplied 
by both Y and Z. The cows belonging to Y and Z were inspected on 
August 20th. It was found that all of the teats of two of Z’s cows 
were badly ulcerated, and the teats of three other cows were affected to 
a lesser degree. Cultures taken from the ulcers on the teats of the 
worst two cases were examined at the Lister Institute of Preventive 
Medicine by Dr Alfred MacConkey, who isolated a diphtheria bacillus, 
fully virulent for guinea-pigs. Control guinea-pigs could be protected 
with antitoxin. From this organism a toxin was prepared of which 
qy ¢.c. killed a 245 grm. guinea-pig in 48 hours. Dr G. Dean also 
examined cultures independently, and proved the organism to be a true 
virulent diphtheria bacillus. Cultures from a sample of milk showed 
only non-pathogenic diphtheria-like bacilli. 

“Whether the eruptive disease of the teat was a specific diphtheritic 
infection of the cow, or whether there was a specific contagious eruptive 
condition apart from diphtheritic infection cannot now be told; but it 
is certain that the diphtheria bacillus was present in the pathological 
lesions of the cow.” 

This report is accompanied by several excellent photographs of the 
teats of the affected cows as well as tables giving the results of the 
inoculation experiments on guinea-pigs. 


Summary of Observation on Diphtheria in Cows. 


Klein’s experiments lead to the conclusion that cows can be experi- 
mentally infected with diphtheria, and that as a result of the infection 
certain lesions may be produced on the teats and udders which contain 
diphtheria bacilli, and that diphtheria bacilli may be present in the 
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milk apart from these lesions. The experiments of Abbott and of 
Ritter do not, however, confirm Klein’s observations, and most of 
those who have criticised these experiments hold that there is no 
evidence that diphtheria is a bovine disease. Further experiments 
are therefore needed before a definite conclusion can be arrived at. 

Several authors have pointed out that in epidemics of diphtheria, 
in which the milk has been strongly suspected as the agent by means 
of which the disease has been transmitted, some of the cows supplying 
the milk have been found to be suffering from lesions of the udder 
and teats. In only two cases, those investigated by Dean and Todd 
(1902), and Ashby (1906), has any bacteriological evidence of the 
infection of the milk by the cows been produced. In the former case, 
although the milk and the lesions on the teats contained virulent 
diphtheria bacilli, further experiments led to the conclusion that the 
diphtheria bacilli were not the causal agents of the bovine disease, 
but had been in some way superadded. In the latter case virulent 
diphtheria bacilli were found in the lesions on the teats, but neither 
their origin nor their relation to the ulcers was determined. On this 
subject also further careful investigations are needed’. 


VII. DIPHTHERIA IN THE HORSE. 


The experimental results of the injection of living bacilli or toxins 
into horses are dealt with later (Section V). The only instance 
of a horse suffering from diphtheria and communicating the disease, 
to man has been published by Cobbett (25. vi. 1900). A little 
girl having fallen ill of diphtheria, Dr Fraser, the Medical Officer 
of Health of Portsmouth, while seeking the source of infection, 
found that a pony belonging to the child’s father was ill with a 
purulent and slightly sanguineous discharge from the nose. Subse- 
quently the animal suffered from enlargement of the glands under 
the tongue and tracheal obstruction, with difficulty of breathing and 
retraction of the abdominal wall. The bacillus isolated from the 
discharge was morphologically a short diphtheria bacillus, and on 
careful investigation was found to behave in all ways like the diph- 
theria bacillus. It formed a powerful toxin, and the effects of the 
injection of both living bacilli and of toxin were neutralised by 
antitoxin, 


1 For milk epidemics and diphtheria-like bacilli in milk see Index. 
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Cobbett considered this observation of considerable practical im- 
portance, since it proves that the horse is lable to nasal and laryngeal 
diphtheria, and points out a hitherto unsuspected channel by means of 
which the infection can be carried to man, and of scientific interest 
because it has a direct bearing on the question of the origin of antitoxin 
in untreated animals. He concludes by remarking that “the fact that 
diphtheria antitoxin is present in many horses in this country and 
on the Continents of Europe and America suggests that diphtheria 
is &@ common disease among these animals....It is therefore possible 
that the horse may be found to play a not inconsiderable part in 
the transmission of diphtheria.” 

A leading article in the Journal of Comparative Pathology and 
Therapeutics (29. 1x. 1900, p. 248), while admitting that the above 
instance is one of equine diphtheria, severely criticises Cobbett’s 
deductions as follows: “These, we venture to say, are very rash 
suggestions. Dr Cobbett is apparently under the impression that 
equine pathology is an unexplored field and that Veterinary Surgeons 
have been treating cases of equine diphtheria for generations without 
ever suspecting the nature of the complaint. In that he is certainly 
mistaken. The bacteriology of nasal discharges in the horse is probably 
as well known at this present moment as that of like conditions in man, 
and it is beyond doubt that diphtheria of the horse is an exceedingly 
rare condition. That it is maintained by transmission from animal 
to animal of the equine species is incredible, and it will probably be 
a long time before a second case of equine diphtheria is met with.” 


VIII. THE PRESENCE OF DIPHTHERIA BACILLI IN THE BLOOD 
AND ORGANS OF EXPERIMENTAL ANIMALS. 


While many of the earlier investigators were unable to detect any 
bacilli in the blood and organs, except in the neighbouring lymph 
glands, of animals dead from experimental diphtheria, later observers 
have been able to demonstrate their presence in some cases. 

The bacilli can be detected microscopically, and also cultivated 
from the site of inoculation, in most animals unless death has been 
delayed for some days. The neighbouring lymph glands are also 
generally infected. 

Roux and Yersin (1888) inoculated a series of guinea-pigs sub- 
cutaneously and killed specimens every two hours. After four hours 
oedema was found at the site of inoculation. The bacilli increased 
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in numbers up to eight hours, but after this time their numbers 
decreased. Except in one instance they were unable to find bacilli 
in the organs or pleural effusion. Métin (1898) observed a decrease 
in the numbers of bacilli two hours after inoculation, and Park (1900) 
says that the bacilli multiply but little in the tissues. 

The largest number of experiments on this subject has been made 
by Wright (x. 1894). He examined the organs of guinea-pigs with 
the following results: 


Number of 
Number times diphtheria 
Organ examined bacilli found Percentage 
Liver 155 19 12:2 J, 
Spleen 152 15 9°85, 
Heart’s Blood 153 7 4:5 9], 
Kidney 151 4 2°6 J, 


Zarniko (1889) first observed the bacilli in the necrotic foci of 
the liver, and Abbott and Ghriskey (1893) in lesions of the omentum. 
Not infrequently the bacilli have been seen in sections and prepara- 
tions from the organs, but cultures have remained sterile. Abbott 
(1894), for example, observed bacilli in the subcutaneous lesions of 
experimental cows, but was unable to cultivate them, and Flexner 
and Anderson (1898, Expt. H), although they saw bacilli in smears 
from the lungs, found that in some cases cultures remained sterile. 

The latter observers remark “that even after considerable numbers 
of bacilli in pure cultures have been inserted through the trachea into 
the lung, their recovery from these situations was often attended with 
much difficulty and sometimes was impossible.” 

Métin (1898) found that in the case of rabbits, moculated with 
pure cultures, the bacilli seemed to multiply in the organs after death. 
Cultures from the spleen immediately after death often remained 
sterile, but the bacilli could be obtained from it after incubation for 
48 hours. He also endeavoured to ascertain when the bacilli dis- 
appeared from the blood after intravenous inoculation, by examining 
samples of blood drawn at intervals from the ear vein. A few colonies 
were obtained by culture half an hour after injection, but not four 
hours after. The animal was killed in six hours, but no bacilli 
could be found in the spleen before or after incubation. A second 
experiment gave the same results in regard to the presence of bacilli 
in the blood. This rabbit was killed 30 hours after injection. Although 
the organs and blood yielded no bacilli in cultures made immediately 
after death, colonies were obtained from the spleen after 48 hours’ 
incubation. Animals killed 48 and 68 hours after inoculation gave 
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the same results. A series of experiments on guinea-pigs subcuta- 
neously inoculated gave comparable results in regard to the rapid 
diminution of the bacilli at the site of inoculation and their presence 
in the spleen. Experiments, in which mixed cultures of diphtheria 
bacilli and cocci were introduced into the circulation of rabbits and 
under the skin of guinea-pigs, showed that the bacilli and cocci 
could be detected in the blood of the rabbits and in the subcutaneous 
oedema of guinea-pigs for many hours. Cultures from the organs 
and blood immediately after death also showed both organisms. Métin 
therefore thought that under these conditions the diphtheria bacilli 
were able to multiply in these situations during life. 


IX. DIPHTHERIA-LIKE ORGANISMS FOUND IN ANIMALS}, 
Rats and mice. 


Klein (1903) obtained from the hepatised lung of a white rat a 
bacillus closely resembling the diphtheria bacillus in its morphology, 
behaviour towards Neisser’s stain, and cultural characters, which he 
has called Bacterium muris. It forms acid in glucose broth and is 
pathogenic to rats and guinea-pigs. In the case of an inoculated rat 
the whole of one lung became hepatised, and the other contained 
gray patches, and both showed ecchymoses. The liver and _ spleen 
were hyperaemic and the glands injected. In smears from the lungs 
large and small forms of the bacilli showing metachromatic staining 
were plentiful. Pure cultures were obtained from the lung and heart’s 
blood. Another rat dying in 18 days showed similar changes. In 
guinea-pigs a hard tumour is formed at the site of injection which 
reaches a considerable size, and which gives rise to an abscess con- 
taining thick pus, in which the bacilli can be demonstrated. In all 
cases the animal recovers. Antitoxin has no effect. 

Bergey (1904) found organisms, morphologically resembling diph- 
theria bacilli, in abscesses occurring spontaneously in laboratory mice, 
and Dean (1905, p. 103), while investigating a leprosy-like disease 
in rats, succeeded in obtaining from two of the affected animals 
cultivations of a diphtheroid bacillus. In young cultures on agar 
or serum “it has the form of a small diplococcus, or is sometimes 
very like Hofmann’s bacillus. On the second or third day it becomes 
longer and has all the appearances of a typical diphtheria bacillus 


1 For an account of the diphtheroid bacilli found in milk see Chapter VIII. 
19—2 
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with segmentation, club-shaped ends, etc., and later it may form short 
much segmented and branching filaments.” On serum the colonies 
are indistinguishable from those of the diphtheria bacillus. On agar 
the growth is slower and the colonies more delicate. On broth it 
forms no surface film, but grows in the form of clumps along the 
test-tube wall, or as a flocculent deposit at the bottom. Glucose 
broth rapidly becomes acid. It forms no visible growth on potato. 
“This diphtheroid bacillus has a feeble pathogenic action on young 
rats. Three out of four young rats that received 2 c.c. of a broth 
culture a week old died within a week. Old rats proved resistant.” 


Horses. 


Paffenholz (1895) found diphtheria-like bacilli in a tumour of the 
mamma in a mare. 


Dogs and guinea-pigs. 


As the xerosis bacillus appears to be a common inhabitant of the 
normal human conjunctiva, the writer (Graham-Smith, 1904, p. 307) 
made cultures from the eyes of a few animals to ascertain whether 
similar organisms are to be found there. 

The eyes of three dogs, three rabbits, and 17 guinea-pigs were 
examined, and organisms closely resembling the xerosis bacillus were 
found in the eyes of the dogs and guinea-pigs, but not in the eyes 
of the rabbits. 


Bacillus «xerosis canis (Pl. XVI, fig. 14). 


Origin. From the conjunctival sacs of the three dogs examined. 

On serum the colonies only make their appearance after 2—3 days’ 
growth, though in later subcultures the growth is a little more rapid. 
After 4—5 days’ growth the colonies are of large size. Except for their 
size the colonies are indistinguishable in appearance from those of the 
diphtheria bacillus, but tend to adhere to the medium. The organisms 
are long, curved, and stain well, showing well differentiated, short, dark 
segments, separated by narrow light bands crossing the bacillus trans- 
versely. Clubbing in some specimens is well marked. These organisms 
resemble closely the pseudo-diphtheria type of Hofmann’s bacillus 
(Pl. XV, fig. 7). By Neisser’s method variously shaped polar 
bodies are seen in large numbers in each bacillus. Some are large 
and round, others elongated transversely across the bacillus, and many 
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are exceedingly small. The organisms are non-motile, and stain well 
by Gram’s method. On agar after 2—3 days’ growth small grayish 
colonies with irregular edges and darker centres appear. On agar 
stab cultures the surface growth is small and almost transparent, but 
in the depth a few medium-sized round colonies develop. On gelatin 
no growth was obtained. No visible growth occurs in potato. 

Broth after 48 hours remains clear, but small granules are found 
at the bottom of the tube, which when shaken up float in lines as 
if held in position by invisible threads. The growth in glucose broth 
is similar, and its reaction after 48 hours is neutral. It is non- 
pathogenic to guinea-pigs. 

This organism differs only slightly from the diphtheria bacillus in 
morphology, but differs from it in its growth on serum, gelatin and 
broth, and its reaction in glucose broth. It resembles closely in 
many respects the xerosis bacillus from the human eye. 

Fourteen (827/) out of 17 guinea-pigs’ eyes examined showed 
similar organisms. They resemble the organism just described in 
morphology, staining characteristics, and in their growth on all media 
except serum. On serum their colonies are the same in most cultures, 
but in some cases larger colonies develop which have a raised centre 
and raised rim, 

These observations indicate that organisms closely resembling the 
diphtheria bacillus in morphology, and in many respects in cultural 
peculiarities, but totally unconnected with them, are common inhabi- 
tants of the conjunctival sacs of some animals. 


X. THE LESIONS OF EXPERIMENTAL DIPHTHERIA IN BIRDS. 


Fowls, pigeons, and other birds may be killed by the inoculation 
of diphtheria bacilli, but except in the case of tracheal inoculations 
do not show very characteristic lesions. 

Subcutaneous and intramuscular injections of doses of 1 cc. of 
virulent broth cultures kill pigeons in 60 hours. In the former case 
a small layer of gelatinous oedema is observed and a general congestion 
of the internal organs without special lesions. . Intramuscular injections 
produce the same general conditions, and the muscle is swollen, soft, 
yellowish in colour, and easily broken down. Bacilli can be isolated 
from the broken-down muscular tissue, and histologically the organisms 
may sometimes be seen penetrating the fibres. There is no marked 
congestion of the suprarenal glands. 
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Tracheal inoculations. 


The majority of observers, who have made experiments on this 
subject, state that more or less extensive pseudo-membranes may at 
times be produced by inoculating the abraded mucous membrane of 
the trachea in birds. These lesions cannot, however, be produced 
with certainty. According to Henke (1898) only 25°/ of the inoculated 
birds exhibit membrane formation. While some observers have con- 
firmed this observation others seem to have been unable to infect 
fowls in this manner. Harrison (1902), for example, could not produce 
any effects in fowls either by subcutaneous or submucous inoculations, 
or by rubbing cultures on to the abraded surface of the trachea. 


XI. THE RELATIONSHIP OF AVIAN TO HUMAN DIPHTHERIA. 


Diphtheria of fowls and pigeons has been made the subject of 
numerous investigations; and when we examine the literature, we are 
immediately struck with the differences of opinion regarding the disease. 
On one side we have those who believe that the one disease in man and 
in birds is identical; and, on the other side, those who believe that 
the one disease has no relation to the other. 

The various writers and investigators on this subject may be con- 
veniently grouped under two heads: 

(1) Those who have investigated the disease as it occurs in fowls 
and pigeons, by the usual methods employed in working out infectious 
diseases. 

(2) Those who have made observations without experimental research, 
and who did not employ bacteriological methods to support or controvert 
their views, either for or against the identity of the disease as it appears 
in birds and man. 


(1) Haperimental Investigations on Avian Diphtheria. 


(a) Observations in which the disease was found to be due to 
organisms bearing no resemblance to the diphtheria bacillus. 

Only a few of the more prominent investigations are quoted in 
which diphtheria-like organisms have not been discovered. 

(1) Bacille. Loeffler (1884, p. 482), isolated from the pseudo- 
membranes in the mouths of pigeons, which died from an infectious 
form of diphtheria prevalent in Germany, a bacillus, which, when 
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inoculated in pure culture, reproduced the disease. It was non- 
pathogenic to guinea-pigs, rats and dogs. Loeffler’s observations were 
soon afterwards confirmed by Piitz (1887), Cornil and Babes (1890), 
Méguin (1891) and Ménard (1890). 

Moore (1895) isolated’a bacillus resembling that causing swine 
plague. Loir and Ducloux (1894, p. 599) studied in Tunis an outbreak 
which affected fowls, ducks, sparrows, pigeons and turkeys. From the 
tissues and fluids of all these cases they isolated a motile, non-liquefying 
bacillus with rounded ends which gave yellow colonies on potato. It 
did not stain by Gram’s method, and was pathogenic for fowls, pigeons, 
ducks, sparrows and rabbits, but not for guinea-pigs. Cases of so-called 
diphtheria were common amongst those who attended the birds, and 
from one of these the same bacillus was isolated. The inoculation 
of the bacillus into healthy fowls gave them the disease. 

Nocard and Leclainche (1903, Les Maladies microbiennes des 
Animaux, 8rd edition) state that the bacillus of avian diphtheria 
is analogous in its form to that of the haemorrhagic septicaemias. 

Guérin (1903) has recently investigated several outbreaks of fowl 
diphtheria and isolated a cocco-bacillus which in pure cultures re- 
produces the disease in fowls. By successive inoculations on the 
conjunctiva of pigeons its virulence can be so raised that it produces 
death in fowls in 24 hours, He further succeeded in immunising 
fowls against the disease by means of a specific anti-serum. In 
consequence of his researches he came to the conclusion that human 
diphtheria is entirely distinct from that of the fowl. During three 
years this author never saw or heard of a case of human infection. 

(2) Cocct. Coceci have been found in the false membranes by 
numerous observers. 

(3) Protozoa. Pfeiffer (1889, p. 363), Babes and Puscariu (1890, 
p. 376), and Piana and Galli-Valerio (1894, Moderno Zooiatro, quoted 
by Harrison), as well as other later observers, have found flagellata and 
other protozoa in the throats of affected birds. In some cases they 
have been associated with Loeffler’s bacillus of avian diphtheria. 

Harrison (1902) has given the subject of avian diphtheria great 
attention, his work extending over a period of four years, and involving 
observations and inoculations on 300 fowls. He never met with the 
diphtheria bacillus in cultures from over 200 fowls, which had died from 
avian diphtheria or had been examined at various stages of the disease. 
His observations on the structure of the false membranes of fowls show 
that they are composed almost entirely of pus, some granular masses, and 
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débris of epithelial cells, and therefore differ entirely in their histological 
structure from the pseudo-membranes of true human diphtheria. He 
isolated specific bacteria from the diseased birds, and reproduced the 
typical disease in healthy birds by injection. The virulence of the 
organisms could be exalted by successive passages through pigeons. He 
also isolated from birds suffering from roup the Bacillus pyocyaneus, 
and reproduced the disease by its inoculation. Finally his experiments 
with the diphtheria bacillus convinced him that it was not pathogenic 
for hens. 


(b) Observations in which diphtheria-lke organisms have been dis- 
covered and looked upon as the causal agents. 

De Verey (1895) stated that he found diphtheria bacilli in two cocks 
suffering from avian diphtheria, and regarded the bacilli as the cause of 
the disease, and Fagnet (1898) also asserted that he had found typical 
virulent diphtheria bacilli in one type of avian diphtheria. Gallez 
(1898) discovered in the nasal mucus of fowls, affected with contagious 
catarrh, a bacillus identical with the diphtheria bacillus in staining 
reactions and in cultural characters. Its virulence for guinea-pigs was 
very slight, though these animals could be killed with very large doses. 
Cultures inoculated into fowls reproduced the typical catarrh. Ferré 
(1898) describes a bacillus isolated from diphtheritic birds, which 
retains Gram’s stain, and occurs in long and short banded forms. 
False membranes are produced in rabbits, pigeons and fowls by the 
inoculation of cultures, and paralyses in guinea-pigs and fowls by the 
injection of its toxins. He seems to have found the same organism in 
the throats and cloacae of healthy fowls. Gratia and Lienaux (1898) 
isolated from pigeons suffering from a diphtheritic disease an organism 
resembling the diphtheria bacillus in most of its characters. It was 
segmented, retained Gram’s stain, showed polar granules, and varied 
greatly in length. In culture it grew well on serum, and produced a 
granular deposit and acid reaction in broth. No toxin was however 
produced. Gordon Sharp (1900) found a diphtheria-like bacillus in 
fowls suffering from roup, and Turner (1900) made similar observations, 
Neither of these authors seems to have tested the pathogenic properties 
of their bacilli. 

Stevenson (1898), apparently on the results of experiments on 
diseased fowls with diphtheria antitoxin, stated that fowl diphtheria 
or “roup” was caused by the diphtheria bacillus and was identical with 
the human disease. Harrison (1902), however, showed that in his 
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cases neither anti-diphtheritic, nor normal horse, serum had any effect on 
the course of the disease. All the authors cited above consider that in 
some outbreaks at least avian diphtheria is caused by the true human 
diphtheria bacillus, though the organism is frequently of low virulence. 


(c) Observations in which diphtheria-like organisms have been dis- 
covered in diseased or healthy birds, but were not regarded either as the 
causal agents or as true diphtheria bacilli. 

McFadyean and Hewlett (1900) isolated and cultivated bacilli, mor- 
phologically resembling diphtheria bacilli, both from healthy pigeons and 
others suffering from pigeon “canker.” They describe these organisms as 
resembling diphtheria bacilli in size and parallel arrangement. ‘They 
retain Gram’s stain, and show polar bodies by Neisser’s method. Growth 
on serum varies, some examples producing dry and abundant growth 
like the xerosis bacillus, and others moist colonies like the diphtheria 
bacillus. These organisms produce acid and indol in broth, and are 
entirely non-pathogenic to mice and guinea-pigs, and in culture have no 
effect on pigeons. Harrison (1901) found the same organism in the 
throats of healthy pigeons. Guérin (1903) in 78 cultures from’ the 
throats of fowls twice isolated a bacillus morphologically resembling 
the diphtheria bacillus, but which produced no toxin, and he also states 
that Malvoz had once met with this organism. Streit (1904) also found 
similar bacilli which did not retain Gram’s stain. The writer (Graham- 
Smith, 1904, p. 314) also found an organism resembling the diphtheria 
bacillus in the throat of a healthy fowl, and suggested the name Bacillus 
diphtheroides gallinarum. Its morphological and cultural characters 
are as follows: 


Bacillus diphtheroides gallinarum (Pl. XVI, fig. 5). 


Origin. From the throat of a fowl. There was a hard tumour on 
the side of the left mandible, but the bird was otherwise normal. 

On serwm the colonies after 24 hours’ growth resemble those of the 
diphtheria bacillus. Later the margins become crenated. In the first 
cultures the organisms were long, curved, and clubbed, with three or 
four well-marked polar bodies. Slight swellings were present round 
the polar bodies. The rest of the protoplasm stained hghtly, but 
slight signs of segmentation were present. They resembled closely 
the diphtheria bacillus shown on PI. VI, fig. 1. In subcultures 
well-marked segments are seen. These organisms are non-motile, and 
retain the stain deeply by Gram’s method. On agar small, filmy, 
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transparent, gray colonies are formed. The organisms are very long, 
thick, curved, clubbed, and well segmented, but no polar bodies are 
present. On agar stab cultures an almost transparent film is formed 
on the surface, and minute round colonies along the needle track. On 
gelatin after five days’ growth minute, round, almost transparent 
colonies appear. On gelatin stab cultures there is very little surface 
growth, and a very scanty growth of minute colonies along the needle 
track. No visible growth occurs on potato. Broth remains clear and 
there is a slight granular deposit. Glucose broth shows a neutral, or 
slightly alkaline reaction. Jndol is produced. Non-pathogenic to 
guinea-pigs. 

As will be seen from the above description this organism very closely 
resembles the diphtheria bacillus except in its lack of virulence to 


guinea-pigs and in the production of an alkaline reaction in glucose 
broth. 


Turkeys. 


In studying an infectious disease of turkeys, characterised by 
gelatinous infiltration of the infra-orbital dilatation of the nasopharyngeal 
system of air-sacs, the writer (Graham-Smith, 1907) has encountered 
two species of diphtheroid bacilli, neither of which seems to bear any 
relation to the disease. The species which more closely resembles the 
diphtheria bacillus was found in groups usually composed of three to 
ten individuals, but occasionally containing as many as 40—50, in smear 
preparations of the gelatinous material. Most of the organisms were 
curved, showed well-marked segmentation, and well-defined polar bodies. 
In culture this species has the following characteristics. 


On serum after 24 hours’ growth at 37°C. the colonies are small, round, yellowish 
and dry-looking. After three days’ incubation the colonies become very large. The 
centre is much raised and deep yellow in colour and is surrounded by a flat pale 
yellow zone. The whole colony has a very granular appearance. If the colonies 
are crowded together they coalesce to some extent to form a film which appears to 
have a wrinkled surface owing to the irregularities in the height of the component 
colonies. The bacilli bear a remarkable resemblance to true diphtheria bacilli. 
They are of medium length, with rounded ends, and are slightly curved. Clubbed 
extremities are common and many have irregularities in their length. Some 
branched forms were seen. They retain Gram’s stain, show polar bodies, both 
terminal and central, with Neisser’s stain, and differential staining of the protoplasm 
with methylene blue. In some dark and light bands alternate causing a segmented 
appearance, whilst in others these areas are irregularly placed. They are non- 
motile, do not form spores, and have no characteristic arrangement. Onagar large 


G. S. GranAm-SmitTit 299 


white granular, irregular, dry-looking, heaped up colonies are formed, which after a 
few weeks’ growth increase in size and become wrinkled. The bacilli are shorter 
than when grown on serum and many coccus-like forms can be found after 48 hours’ 
growth. On potato large, yellow, dry-looking, discrete colonies are produced, At 
first the bacilli are like those from the serum cultures, but later large irregular 
involution forms are common. Good growth occurs on gelatin, and large dull- 
yellow, granular colonies are formed. The medium is not liquefied. In broth a 
whitish wrinkled film is produced on the surface, and a yellowish flocculent 
deposit. Acid is produced in media containing glucose, galactose, and laevulose, but 
not in media containing lactose or glycerine. The organism is non-pathogenic to 
guinea-pigs. 


(11) Opinions as to the Relationship of Human and Avian Diphtheria 
based on Clinical Observations. 


Clinical observations, however trustworthy, of the transference of 
a disease characterised by the formation of false membranes from birds 
to man or from man to birds, so long as they are unsupported by 
bacteriological proof, cannot be taken as evidence of the transmission of 
true diphtheria. Loir and Ducloux’s (1894) observations clearly demon- 
strate this point. On this account, although there are many instances 
quoted in the literature of such outbreaks, only a few of the more 
noteworthy examples are cited. 

Gerhardt (1883) published the report of an outbreak of diphtheria 
amongst two-thirds of the employees of a poultry establishment at 
Nesselhausen, where thousands of fowls had succumbed to diphtheria, 
One of the employees, pecked by a diphtheritic rooster on the hand 
and foot, subsequently showed false membranes in these situations. 
No cases of diphtheria were present in the environs of Nesselhausen 
at the time. 

According to Paulinis (1888) the Greek island of Skiatos, in which 
diphtheria had never previously been known, was infected after the 
introduction of diphtheritic turkeys. Barbier (1899, p. 37) frequently 
saw diphtheria amongst fowls which lived beside isolated buildings 
for diphtheria patients, and records the case of a woman, 67 years of 
age, who was attacked by diphtheria after supervising the disinfection 
of a poultry building in which fowls suffering from diphtheria had 
been kept. No other case existed in the neighbourhood, and she had 
never been out of the house for the previous three weeks. 

Debrie (1892) reported an interesting case. Some soldiers suffering 
from diphtheria were admitted to the hospital at Sebdou. Shortly 
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afterwards the fowls, which were looked after by a hospital attendant, 
showed symptoms of diphtheria. 

On the other hand numerous observers have stated that they have 
never seen cases of human diphtheria amongst those who were in charge 


of diphtheritic birds. 
Conclusions. 


Those who have adopted experimental methods in investigating 
avian diphtheria have shown that the great majority of epidemics 
have been due to organisms totally distinct from the diphtheria 
bacillus. In a few instances only have diphtheria-like organisms 
been found, and most of these have been completely devoid of 
virulence for guinea-pigs. Moreover the results of experimental in- 
oculation of the trachea in birds with diphtheria bacilli show that 
they are frequently resistant to this organism, and therefore unlikely 
to acquire the disease in epidemic form. The clinical observations, 
which support the identity of the two diseases, are not very convincing, 
owing to the lack of corroborative bacteriological evidence. 

On the whole therefore these investigations point to the conclusion 
that true diphtheria, produced by the diphtheria bacillus, if it ever 
occurs, is a very rare disease in birds. 

Friedberger and Fréhner (1904, p. 221) in their well-known work 
on veterinary pathology summarise the whole question of animal 
diphtheria in the following words :—“The diphtheritic diseases of 
domesticated animals are in no way related to human diphtheria. 
No indisputable case of the transmission of diphtheria to man from 
an animal has yet been proved. The cases recorded in the medical 
literature, of the alleged transmission of infection, especially those of 
chicken-diphtheritis supposed to have been conveyed to man, are, on 
closer examination, reduced to mere assumptions, the forming of which 
have been due to entire ignorance of veterinary pathology. Even the 
statement of Gerhardt—which is the only one of the kind worthy of 
being quoted—that in a chicken-hatching establishment two-thirds of 
all the workmen attending on the fowls which were suffering from 
diphtheritis, became affected with pharyngeal diphtheria, cannot be 
substantiated ; for Gerhardt did not observe the case personally. 
Considering the wide distribution of chicken diphtheritis, especially 
in hatching establishments, and presuming that this disease is identical 
with human diphtheria, a very large number of people would neces- 
sarily become infected daily, and reports of such cases would not be, as 
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they are, extremely rare. We have examined thousands of domestic 
fowls and pigeons suffering from diphtheritis without having either 
seen or heard of a single case of infection. On the other hand, no 
indisputable proof has yet been given that any disease similar to human 
diphtheria has been transmitted, either experimentally or accidentally, 
to any of the domesticated animals.” 


Holmes (1904) in an article entitled “ An Outbreak of Diphtheria associated with 
a similar Disease among Fowls and a Vesicular Eruption on the Udders of Cows,” 
describes a very remarkable epidemic. Owing to its peculiar features it has not 
been included in the discussion on avian diphtheria, but it is recorded by itself, 
The outbreak occurred at Muktesar, a bacteriological station in the Himalayas, 
situated 23 and 16 miles respectively from the nearest European settlements, and 
3 to 4 miles from the nearest native villages. The only inhabitants consisted 
of the staff and their families (four children). In June one child developed a 
nasal discharge, and a few days later another suffered from a disease which was 
diagnosed as diphtheria, and eventually died. Antitoxin was injected in this 
case, but somewhat late in the disease. There had been no case of diphtheria 
in the surrounding districts or stations for years, and no clue was obtained as 
to how the infection was brought. Two months previously a cow had been 
purchased which developed a cough and general illness, but recovered. Later a 
second cow was bought and placed near the other, and developed a similar illness. 
It was at this time that the child developed rhinitis and this circumstance led 
to a careful examination of the cows. It was then found that there were newly 
formed vesicles, ulcers, and pustules on the udder of the second cow, and healed 
lesions on that of the first cow. Cultures obtained from the vesicles showed 
bacilli somewhat resembling diphtheria bacilli, but non-pathogenic to rabbits and 
fowls. No further investigation of these organisms seems to have been made. 

A month before the children’s illness began a disease broke out amongst the 
fowls, which continued intermittently for several months, each outbreak following a 
turning up of the subsoil to a depth of 2 to 6 feet. From the soil on many 
occasions a bacillus was obtained identical in morphology with those derived from 
the birds, but non-virulent to rabbits. 

Holmes carried out a large series of inoculation experiments with cultures and 
other material derived from the diseased children and fowls, which are summarised 
below : 


A. EXPERIMENTS ON ANIMALS WITH CULTURES DERIVED FROM THE 
SIcK CHILDREN. 


I. Fowls. (1) A fowl inoculated on the abraded surface of the throat with a 
culture derived from the dead child died in seven days, with the larynx, trachea, 
pharynx, and nasal cavities covered with a fibrinous adherent membrane. No 
other lesions were discovered at the autopsy. Smears made from the membrane 
and heart’s blood showed a bacillus with rounded ends and darkly stained polar 
granules. In cultures the organisms resembled diphtheria bacilli. (2) A fowl 
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injected subcutaneously died in 2} days. At the site of injection a white fibrinous 
deposit was found between the muscles, and the surrounding tissues were injected 
and oedematous. Smears and cultures showed the same organisms as were found 
in the first fowl. (3) Intramuscular injection gave the same results. 

Il. Bulls. (1) A bull subcutaneously inoculated behind the shoulder with 
5 cc. of a 48 hours’ broth culture developed very extensive oedema, extending 
down the leg, and died in 60 hours. At the autopsy an extensive yellow gelatinous 
oedema was found under the skin, and layers of white coloured fibrinous material 
between the muscles. The neighbouring glands were enlarged, congested, and 
oedematous, but no other lesions were found. A second bull inoculated in the 
same way died in 60 hours. 

Six other bulls were also injected with minute doses. 


Bull No. 3 received 1 loopful of broth culture and died in 5} days. 


33 4 29 1 9° bP ” 93 6 9 

i ti} sty 9 ah 5 he rs 35 6 ,, (culture 1 month old). 

99 6 9 2 9° 29 ” 2 3 ae 

itl AY ure Ae a os a 2  ,, (culture 6 weeks old). 
8 9 2 9 93 ” ” 64 hours be) 99 99 


In the oedema and heart’s blood in all cases bacilli with bipolar staining, like 
those described in the fowls, were found, and in all those instances in which cultures 
were made from the heart’s blood the organisms were isolated. 

Ill. fabbits. The pathogenic properties of cultures of these organisms towards 
rabbits were tested on several animals. All the rabbits died except one which had 
received a dose of antitoxin, and the bacilli were cultivated from the oedema and 
heart’s blood. 


Method of inoculation Dose Result 
Rabbit 1. On abraded conjunctiva @ Died in 4 days with fibrinous exudation 
on the conjunctiva. 
», 2 On abraded surface of 2 Died in 36 hours with pseudo-mem- 
throat brane in trachea. 
;, 3 Subcutaneous lloopful Died in 2 days. Yellow gelatinous 


oedema and injection at site of in- 
oculation. Suprarenals reddish, 


4. Subeutaneous Leas Died in 48 hours. 


» 5. Subcutaneous i ele Died in 36 hours. Yellow gelatinous 
oedema and injection at site of in- 
oculation. Suprarenals reddish. 


;, 6. On abraded surface of ? Died in 5 days. 
throat 

,, 7 Cultureappliedtoabraded ? Remained well. 
throat the day after the 


injection of ‘5 c.c. of 
diphtheria antitoxin 


IV. A cat inoculated on the abraded surface of the throat remained well. 
Three weeks later it received a subcutaneous inoculation of one loopful and died 
in four days. A white fibrinous deposit was found at the site of inoculation, 
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surrounded by yellow oedema. Cultures were obtained from the blood, organs, 
and oedema. 

VY. A dog subcutaneously inoculated with half a loopful of culture died in 
three days. The subcutaneous tissue was deeply injected, and round the seat of 
inoculation there was a large amount of oedema. 

VI. Two rats were inoculated subcutaneously each with half a loopful of 
culture, one died on the 3rd day and one on the 4th. There was oedema at 
the site of inoculation, and the organisms, recovered from the heart’s blood, were 
fatal to rabbits. 


The Natural Disease in Fowls. 


A fowl (A) naturally infected showed fibrinous adherent membrane in the 
pharynx, larynx, trachea, and nasal cavities, but no other lesions. In smears 
from the membrane and heart’s blood bipolar staining organisms, like those 
previously described, were found and isolated by culture. 

Thirteen fowls and four ducks all showed more or less extensive lesions of 
this nature, and in two cases the oviducts of two diseased hens showed similar 
membranes. The bacilli seen in smears made from these membranes are described 
as being bipolar with rounded ends analogous to those of haemorrhagic septicaemia, 
non-motile, and not retaining the stain by Gram’s method. In cultures they 
varied in form, often greatly resembling diphtheria bacilli. “In a blood-serum 
culture 24 hours old a thin transparent coating is visible, at the borders of which 
were isolated colonies of grayish colour and margin finely indented.” 


B. EXPERIMENTS ON ANIMALS WITH CULTURES AND MATERIAL DERIVED 
FROM DISEASED FowWLs. 


I. Fowls. Several healthy fowls were inoculated with material from the false 
membrane by scraping the throat, and also subcutaneously with blood taken from 
the hearts of fowls which had died of avian diphtheria. Also many fowls and 
pigeons were inoculated with cultures from the blood and pseudo-membranes of 
diseased fowls, but except in one instance with no result. In order to raise the 
virulence of the contagion the method practised by Gucrin was tried, namely, 
inoculating pigeons in the conjunctiva with some of the false membrane taken 
from an affected fowl. This also failed to have any effect. The one bird which 
was infected developed the same lesions as the birds which acquired the disease 
naturally. 

II. Bulls. (1) A bull, which received subcutaneously five loops of a 48 hours’ 
agar culture obtained from a diseased fowl (A), died in four days, with very marked 
oedema. The organisms were found in the oedema and heart’s blood. (2) A 
second bull, which received 1 ¢.c. of oedematous fluid obtained from bull No. 1, 
died in four days. The autopsy showed extensive oedema, 1000 c.c. of yellow 
fluid in the pleura and 1500 c.c. in the peritoneum. The apex of the heart was 
covered with gelatinous oedema, . 

Ill. Rabbits. (1) A subcutaneous injection of 2 c.c. of broth emulsion of 
the pseudo-membrane of a diseased fowl (A) killed a rabbit in 48 hours with 
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only slight oedema. From the oedema and blood cultures were obtained. Sub- 
cutaneous injections of one loopful of a culture obtained from the blood of this 
rabbit had no effect on two fowls and a pigeon. (2) A rabbit, which received 
one loopful of a 48 hours’ agar culture derived from rabbit No. 1, died in 48 hours 
without well-marked oedema. Pure cultures were obtained from the blood. (3) A 
rabbit inoculated subcutaneously with ‘25 c.c. of oedematous fluid from bull No. 2 
died in 12 days. The autopsy showed extensive oedema and 200 c.c. of yellow fluid 
in the peritoneum. Cultures were obtained from the fluid, oedema, and blood. 
(4) A rabbit which received *5 c.c. of diphtheria antitoxin, followed next day by 
a loopful of a serum culture from rabbit No. 1, died in 15 hours, with lesions 
similar to those found in rabbit No. 1. 

IV. Cats, Dogs, and Rats proved resistant to subcutaneous inoculation with 
emulsions of pseudo-membranes and cultures from various sources. 

Holmes apparently considers that this is an instance of a true diphtheria out- 
break occurring in children, cows, and fowls simultaneously, but the organisms 
obtained from all sources do not agree with diphtheria bacilli in their pathogenic 
properties, and they seem to differ to some extent in their morphology and cultural 
characters. Although a rabbit was protected by antitoxin from the bacilli obtained 
from one of the children, yet the septicaemic condition produced by the inoculation 
of minute doses into fowls, rabbits, bulls, cats, dogs, and rats differs entirely from 
the lesions produced in these animals by the injection of true diphtheria bacilli. 
Rats indeed are well known to be extraordinarily resistant even to enormous 
doses of virulent diphtheria bacilli. The bacilli derived from the infected birds, 
although producing a similar condition in bulls and rabbits, were almost non- 
virulent for fowls, and totally without effect on pigeons, cats, dogs, and rats. 
Moreover, a rabbit was not protected in any way by antitoxin. 


Summary of Chapter VII. 


The subcutaneous inoculation into a guinea-pig of a pure culture 
of a virulent diphtheria bacillus causes the death of the animal 
within three or four days with characteristic lesions, namely, a gray 
necrotic pseudo-membranous focus at the site of inoculation, more or 
less extensive gelatinous oedema, pleural effusion, and more or less 
well-marked congestion of the viscera, especially the suprarenal capsules. 
The bacilli are found in large numbers at the site of inoculation, and 
can sometimes also be recovered from the blood and organs. Intra- 
peritoneal inoculations also cause the death of the animals. Pseudo- 
membranes may be produced by inoculation of the mucous surfaces, and 
paralyses may be caused by the injection of dilute toxins, or living 
cultures and antitoxin. Rabbits, dogs, and cats are also susceptible. 
In the latter fatty degeneration of the cortex of the kidney is a marked 
feature of diphtheritic intoxication (Klein). Local lesions are pro- 
duced in cows by the subcutaneous injections of cultures, and, according 
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to Klein, vesicular lesions also occur on the teats. The same observer 
thinks that the bacilli pass into the milk. These results have not been 
confirmed by other workers, Rats are very resistant to the diphtheria 
bacillus and its products. Birds (fowls, pigeons, etc.) can be killed by 
subcutaneous and intramuscular injections of diphtheria bacilli, and 
false membranes may occasionally be produced in the trachea by the 
application of cultures to the abraded surface. 

The disease has been proved to occur naturally in the horse, and 
lesions associated with the presence of virulent diphtheria bacilli have 
been described in the cow. In each instance human subjects have been 
infected from these sources. Both cats and fowls have frequently been 
regarded as carriers of the disease, but the bacteriological evidence in 
support of these statements is unsatisfactory. Instances of natural 
infection amongst other animals are unknown. 

Bacilli closely resembling diphtheria bacilli in many of their 
characters have been found in dogs, guinea-pigs, rats, fowls, turkeys 
and pigeons. 


CHAPTER AV LEU 


THE MODES OF INFECTION IN MAN. 


Transmission of the bacilli from patients, directly and through infected 
articles. Transmission of bacilli by persons suffering from atypical forms of 
diphtheria, Nasal catarrh, Fibrinous rhinitis, Tonsillitis, Otorrhoea. Trans- 
mission of diphtheria by healthy contacts. Mode of transmission from un- 
recognised cases and healthy contacts, Infection through infected articles, food 
substances, milk, animals, birds, air, dust, soil, drains and sewer-gas. Laboratory 
infection, Summary. 


For some years before the recognition of the diphtheria bacillus it 
had been almost universally admitted that one of the most common 
modes of dissemination of diphtheria was from diseased persons to 
others. The discovery of the diphtheria bacillus led to a more accurate 
knowledge of the means by which the disease is spread. Numerous 
researches have made it certain that a considerable percentage of those 
who come into contact with the patients acquire the bacilli, but only 
suffer from the disease in a modified and clinically unrecognisable form, 
or remain healthy. Many of these persons probably owe their immunity 
to the presence of antitoxin in their blood (see p. 41). It is these 
persons who are the chief factors in the spread of the disease, since they 
are frequently neither isolated nor suspected, and in their turn distribute 
the infective agents to others. Statistics have already been given 
(pp. 181—188) showing the percentage of such infected healthy persons 
found amongst various classes of “contacts,” and the methods by which 
the bacilli pass from one individual to another will only be discussed 
here. 


(1) The Direct Transmission of Bacilli from Patients to Healthy 
Indwiduals. 


Patients suffering from diphtheria frequently cough out with con- 
siderable force small pieces of membrane or masses of mucus or saliva 
containing bacilli, which may be deposited on the mucous surfaces or 
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skin of those in attendance on them. Numerous instances of the 
transmission of the disease in this manner are given in the literature, 
but need not be quoted here. On several occasions also the attempt 
to clear the passages by applying the lips to a tracheotomy tube and 
removing the block by suction has resulted in the infection of the 
operator. 


(2) The Transmission of the Bacilli from Patients by Infected Articles. 


(a) It has already been shown that diphtheria bacilli may remain 
alive for a considerable length of time when enclosed in membranes or 
masses of expectorated mucus even after drying (p. 171). Park (1892) 
for example was able to demonstrate the presence of living diphtheria 
bacilli in “a bit of membrane no larger than a pin’s head four months 
after its removal from the throat.” Such fragments of membrane are 
obviously a source of continued danger. Linen and other articles soiled 
by the expectoration and discharges of diphtheria patients have also 
frequently conveyed the disease to other persons (Park and Beebe, 
1895, p. 49). 

Examples of such instances when occurring within a short time need 
scarcely be quoted. Although bacteriological evidence is lacking in 
some of them, several highly interesting cases have been cited by 
various observers showing the possibility of infection by soiled articles 
long after the date of their infection. 

Carstairs (1901) recounts the case of a father and son who were 
cornet players being attacked by diphtheria. The instrument was put 
away. A younger member of the family having found the cornet 
played it and developed diphtheria in a week. There had been no 
case in the district for eight weeks previously. Bugbee (1904) states 
that certain library books, which had been used by a diphtheria patient 
the day before the appearance of the typical clinical signs of diphtheria 
(confirmed by cultures), were wrapped in brown paper and returned to 
the library. These were put in the cellar and fumigated. Eleven 
months later one of the committee found the parcel and opened it, and 
seven days later developed diphtheria. Warry (1895) reported an 
outbreak in which 23 (out of the 26) cases occurred amongst 43 adult 
females occupying a work room. He thinks that the speaking tubes, 
which were largely used, were instrumental in conveying the disease. 

There is also some experimental evidence to show that diphtheria 
bacilli may remain alive on naturally soiled linen for a considerable 
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time and even in dust and on hair, ete., although apparently not pro- 
tected by dried secretions. 

Trevelyan (1900) gives an instance in which diphtheria bacilli were 
cultivated from a handkerchief 11 weeks after it had been used by 
a child suffering from diphtheria. Wright and Emerson (1894) once 
cultivated virulent diphtheria bacilli from a brush used for sweeping 
a ward, and on three occasions isolated virulent bacilli from the dust 
clinging to the shoes of nurses. They also found a diphtheria bacillus 
of low virulence in one out of four cultures made from the hair of 
nurses, but numerous cultures made from the sweepings of the floor, 
scouring clothes, skirts of nurses and patients, finger nails, etc., were 
negative as regards the presence of the diphtheria bacillus. 

Weichardt (1900) examined objects surrounding diphtheria patients 
by means of damp swabs, 50 samples being taken from the sick room 
and 250 from other parts of the house. Diphtheria bacilli were found 
three times, all from objects directly soiled by the patient, ze. a bottle, 
a neck cloth, and a spot on the carpet within ‘5 metre of the patient’s 
mouth. Hill (1902), by means of damp swabs, also found non-virulent 
diphtheria bacilli on two articles (toy and handkerchief) closely con- 
nected with the patients after the latter had been officially released 
from isolation following upon two consecutive negative bacteriological 
examinations. Fourteen doubtful, non-pathogenic bacilli were obtained 
from sheets, pillows, mattresses, bed frame and floor amongst the 331 
other swabs examined. Three hospital wards, all occupied at the time 
of examination, were also investigated, using 197 swabs, with negative 
results. He mentions that the collector was careful to select exposed 
surfaces on sheets, pillows, furniture, walls and floor near the patients. 
At least two swabs, usually more, were rubbed on each area selected. 

In order to test the efficiency of swabs for removing B. diphtheriae 
from wooden and cotton surfaces, on which bacilli had been dried, the 
following experiments were made. The wooden surface of an old 
varnished box and some new factory cotton were sprayed with the 
same emulsion of diphtheria bacilli made by suspending a 24 hours 
agar culture in water, and both were set drying in a protected place in 
diffuse daylight. The swabs were moistened in sterile water before use. 
A different area of each surface was tested each different time tests 
were made, but all swabs used in any one test were taken from the 
same area. 

The order of taking the swabs, rubbed different numbers of 
times on the same area, is shown on the second and third days 
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in the following tables, which summarise the results of these experi- 
ments : 


Results from cotton. 


Result 

Area Time of No. of ; ion taints 
tested drying swabs How taken Positive Negative nated 
No. 1 3 hours 2 Rubbed repeatedly 0 2 0 
a 1 day 2 Each rubbed 8 times 2 0 0 
ao 2 days Ist set 2 % at 4 0 0 
3 Jaan eae a Af en 2 ese, 1 0 1 
ue yee Biyel n al! a eer 1 0 0 
rae) yee athe oe 45. MO iG 1 0 0 
Soglk:! By ge LP a5 a ae eis Or ales 1 0 0 
Aral | pee Indes il ‘e peli | ae 1 0 0 
ted. Bh aide pe 3 ade 2s 2 0 0 
a ard. Soe Athenee, 4 Fen eths 2 0 0 
oD Sons, 6 s ie Lots 0 4 2 

22 13 6 3 

Results from wood. 

No. 1 3 hours 2 Rubbed repeatedly 2 0 0 
ie: 1 day 2 Each rubbed 8 times 1 1 0 
os 2 days Ist set 2 ce tf) Mase A 0 2 0 
be] 3 2 ” 2nd ” 2 ) ” 2 ” 2 0 0 
“ae 2 ¥, B36 oy I 7 ee) ae 1 0 0 
” 3 2 ” 4th ” 1 > %9 6 9 1 0 0 
ae | Bb ed TA ey al + Om. 0 1 0 
ea: 3mm. 2rd eee re a) et ee 0 1 0 
9 4 3 ” ard ” 2 ” ” 2 9 2 0 0 
ee ah oe Atha 2) . ane a bg 2 0 0 
” 5 8 ” 6 ” ” 1 > 0 5 1 

22 11 10 1 


From this table it is seen that, omitting the eighth day results, 
attempts to obtain positive results from the cotton were successful in 
three out of the first four tests, while some swabs were positive in each 
of the first four tests made from the wood. 


(3) The Transmission of the Bacillt by Persons suffering from Atypical 
Forms of Diphtherva. 


That diphtheritic infection may pass from patients to healthy 
individuals by the means which have been mentioned has long 
been recognised, and therefore scarcely needs illustration. The more 
interesting question, however, of the danger to the community arising 
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from the presence amongst the normal population of more or less 
healthy infected individuals must be discussed at some length. Many 
of these persons have probably been infected from patients, before the 
development of clinical signs, by the means by which they themselves 
spread the infection. These more or less healthy individuals, who have 
become infected with diphtheria bacilli and are therefore possible factors 
in spreading the disease, may be conveniently divided into three groups 
according to the classification of Watson Williams (1905). 

Group 1. “ Patients who afford none of the usual clinical indications 
of diphtheria, are not definitely ill, and yet are found to be anaemic, 
have increased pulse frequency, are poorly, in association with nasal 
catarrh, membranous rhinitis, faucial redness, and slight subacute ton- 
sillitis, otorrhoea, sores, etc., which on bacteriological examination prove 
to be diphtheritic.” 

Group 2. “Cases with any of these diphtheritic lesions, but with no 
general symptoms of ill health.” (Group 3, see p. 314.) 

That persons belonging to group 1 are capable of spreading the 
disease, and even of causing considerable outbreaks, has been well 
recognised. 

Owing to the fact that many of the accounts do not differentiate 
between these groups it is at present difficult to determine, whether 
the members of group 2 are less dangerous than those of group 1, or 
not. Williams considers that they have less frequently given rise to 
epidemics. 

Some noteworthy examples are, however, quoted in the following 
pages, which either gave rise to a considerable number of cases, or 
caused infection after long periods of time. 


(a) Nasal catarrh. 


Cobbett (1901, p. 231) records as follows a remarkable instance of 
an outbreak traced to a child at first apparently suffering from nasal 
catarrh. “ While the actual origin of the outbreak has not been cleared 
up, there is no doubt about the way in which the infection became 
distributed: on October 23rd, G. N. was visited among other infants 
attending this school. He was found to be having tea with his brother 
and sister, and was in very good spirits, though he looked rather pale, 
and appeared to be suffering from nasal catarrh. His mother said he 
had had a ‘stuffy cold in his head’ for about three weeks. During 
this time he had been regularly attending the school. Bacteriological 
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examination revealed diphtheria bacilli in great numbers in the nasal 
discharge, and after his removal to the hospital membrane was seen in 
his nose. His father, mother, sister and brother, all the members of this 
family, were found to have diphtheria bacilli in their throats. From 
three of these (including G. N.) cultures were isolated and proved to be 
virulent. No less than seven of the nine male members of his school 
class suffered from diphtheria before October 23rd.” 

Burnett (1900) also gives an instance of the discovery in the nasal 
discharge of a boy, supposed to be suffering from a severe cold, of 
diphtheria bacilli, which lingered for three months. After two nega- 
tive bacteriological examinations he was allowed to return to school. 
Shortly afterwards a fatal case of diphtheria occurred, and on exami- 
nation diphtheria bacilli were again found in the boy’s nose. 

Park and Beebe (1895, p. 41) mention an interesting case. “A 
child was admitted into a hospital ward in an anaemic condition and 
with a chronic coryza. Five days later four children in his neighbour- 
hood developed diphtheria. Two of these died. In seeking the cause 
of the diphtheria, suspicion was directed to the child by a slight nasal 
discharge. Bacteriological examination showed this secretion contained 
many diphtheria bacilli. On further examination it was found that the 
child came from a family in which three weeks before there had been a 
case of diphtheria.” 

Newsholme (1904) quotes the following example. F. T., aged four, 
developed diphtheria on November 16th, and it was found that on 
November 7th, his brother I. T. had suffered from headache followed 
by nasal discharge. He had continued to attend school until the 18th, 
and infected three other children in the same class, who failed with the 
disease, two on November 14th, and one on the 19th. Diphtheria 
bacilli was found in I. 'T.’s nose. 


(b) Fibrinous, or membranous rhinitis'. 


Cobbett (1901) observes that “virulent diphtheria has been but 
seldom observed to be contracted from contact with a case of mem- 
branous rhinitis,’ and some observers have considered that the 
virulence of the bacilli isolated from such cases is low, and that 
cases of this disease are apt to give rise to others of the same kind. 
Some statistics on this latter point are given elsewhere (Chapter X) 


1 Cobbett’s case quoted under the heading of Nasal Catarrh, although no membrane 
was at first noticed, perhaps ought to be more properly included amongst this series. 
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which show that a very large proportion of the bacilli isolated from 
these cases are fully virulent, and several cases of clinical diphtheria 
occurring through contact with persons suffering from membranous 
rhinitis have been recorded. 

Dowson (1895) gives a very interesting example with the following 
history. “L. H. and S. H. went to a children’s party on December 
17th, 1894, at the house of a lady who had a tendency to suffer from 
sore throat, and who about three weeks before the party was under the 
care of a medical man, the father of L. H. and S. H., for a somewhat 
indefinite ailment of the throat, attended with slight difficulty in 
swallowing. Both children were kissed by this lady, and on December 
the 19th, L. H., a healthy boy of 44 years, had a slight nasal catarrh, 
but was apparently quite well otherwise. On December 28th, his right 
nostril was noticed to be blocked by a tough white membrane which, 
when detached, did not cause bleeding, although an abraded vascular 
surface was exposed. On January 2nd, 8. H., the sister, aged six years, 
was noticed to be affected in a similar manner in the left nostril.” 
Virulent diphtheria bacilli were isolated from these membranes. “At 
the end of two months, so very few bacilli, and these chiefly involution 
forms, could be recovered from the children’s noses by culture methods, 
that they were considered harmless to others, and the fairly strict 
quarantine, which had been observed, was removed. Active local 
antiseptic treatment had been employed during the whole time. At 
the end of May, the mother of the children, after playing with and 
kissing the boy to a quite unusual extent, complained of sore throat, 
which on inspection proved to be a membranous pharyngitis presenting 
all the appearances of true diphtheria. This was confirmed by inocu- 
lating a culture tube from the membrane, the resulting growth being 
almost a pure culture of the diphtheria bacillus. It was at first sight 
thought that the mother’s attack was due to some oversight in disinfec- 
tion, but an examination of the children’s noses showed that membrane 
resembling that first observed, was again present.” Diphtheria bacilli 
were again found. 

Ravenel (1895) gives an account of several children, who became 
infected from a child suffering from membranous rhinitis, produced by 
virulent diphtheria bacilli. The first child, who remained quite well 
except for a sensation of discomfort in the nose, had himself been 
infected by a child who only complained of a sore throat. The former 
gaye rise to membranous rhinitis in three children, one of whom later 
developed pharyngeal diphtheria, and to two cases of the latter disease. 
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Cultures made from all these cases showed diphtheria bacilli. Wolff 
(1905) also quotes a case of true. diphtheria apparently infected from 
a case of membranous rhinitis. 

On the other hand, a case of membranous rhinitis has not in- 
frequently been observed to give rise to another of the same kind. 
The cases just quoted from Ravenel are examples, and the same 
observer also gives another instance in which a mother and three 
children all suffered from this complaint. Abbott (1893) found two 
children affected in the same family, and Concetti (1892) obtained in 
two cases a history of direct infection from one to the other. Since 
that time several other instances of two or more members of the same 
family suffering from membranous rhinitis have been described. Lieven 
(1891) reported a case of membranous rhinitis from which he obtained 
an organism that when introduced into the noses of other children by 
means of tampons caused a similar condition in them. 


(c) Tonsillitis. 


Bissel (1902) relates a case in which a child, who had had a mild 
sore throat two months previously, went to pay a visit. Diphtheria 
occurred in the household visited, and was transmitted by this child as 
far as could be ascertained. He adds that many such fully authen- 
ticated cases have occurred in the city of Buffalo. Berry (1900) 
gives an account of a prolonged outbreak apparently transmitted 
through children suffering from sore throats. In the London Orphan 
Asylum a case of diphtheria was introduced amongst the girls (200) 
on February 25th. A series of mild sore throats followed till March 27th, 
when another case of diphtheria occurred and three children with sore 
throats were found to be harbouring diphtheria bacilli. These were 
isolated. Further cases of sore throat followed till April 30th, when 
five cases of diphtheria occurred. At this time there were 76 cases of 
sore throat. Dr Washbourn examined all the children with abnormal 
conditions of the throat and found diphtheria bacilli in 17. These were 
isolated and not allowed to return to school until free from the bacilli. 
From this time no further cases of sore throat or diphtheria occurred. 
Newsholme (1904) gives an instance of a child who was ill for one day 
with sore throat and headache. Five days later his sister developed 
diphtheria. This led to a swab being taken from his throat, from 
which diphtheria bacilli were cultivated. 

Goodall (1896) quotes a case in which diphtheria was apparently 
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transmitted by a patient several months after recovery from a mild 
attack. A nurse had a very mild attack in January and was isolated 
for several weeks because the bacilli persisted. When free she was 
put in charge of a ward of mixed diphtheria and scarlet fever. In 
the autumn she went home to a village in Oxfordshire, where there had 
been no diphtheria for a long period, and almost immediately her 
sister and niece developed diphtheria. 


(d) Otorrhoea. 


Newsholme (1904) gives an interesting example of infection through 
a case of otorrhoea. A baby, nine months old, was apparently infected 
from its sister who developed typical diphtheria. Except for the ear 
trouble the baby remained perfectly well, but infected another child, 
who suffered from pharyngeal diphtheria. At the time the other child 
became ill a pure culture of diphtheria bacilli was obtained from the 
ear discharge about a month after its commencement. 

The writer (Graham-Smith, 1904) has also observed a small out- 
break in which two persons were attacked with clinical diphtheria, and 
five became infected with virulent diphtheria bacilli, apparently by 
contact with a patient suffering from otorrhoea in whose discharge 
virulent diphtheria bacilli were found. 


(e) Other lesions. 


Newsholme (1904) quotes a case in which enlarged cervical glands 
were the only clinical evidence of a pathological condition of the throat. 
N. W., aged three, and his brother S. W., aged two, developed diph- 
theria on October 20th and 25th, respectively. Inquiry into these 
cases led to the discovery that the brother G. W., aged five, had come 
home from school with enlarged glands on October 7th. Diphtheria 
bacilli were found in his throat on October 25th. 


(4) The Transmission of Diphtheria by Healthy Contacts. 


Williams’ third group consists of healthy infected contacts or 
“persons who present no local lesions and no departure from normal 
health, but in whom diphtheria bacilli have been found by culture 
tests.’ Williams says of this group that “it has yet to be shown that 
such infected contacts are liable to spread diphtheria or are actively 
infectious till they develop local symptoms.” In support of this view 
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he quotes instances in which healthy infected contacts were allowed to 
mix with the non-infected persons in institutions without ill effects. 
Diphtheria, however, is usually most prevalent at seasons of the year 
when “colds” are common, consequently a member of this group may 
at any time by developing a “cold” be converted into a member of 
group 2. Even if Williams’ opinion is correct, it is therefore almost 
as necessary to guard against the possibility of the spread of the disease 
by members of group 3 as of group 2. There are, however, several 
examples to be found in the writings on this subject, which indicate 
that perfectly healthy infected contacts are capable of spreading the 
disease, and careful observation could probably multiply them. The 
writer has come across seven instances in which there could be but 
little doubt that the disease had been conveyed by such persons, and 
some in which the proofs were convincing. In one instance a girl aged 
13 was admitted into a general hospital for an operation on the knee. 
Shortly after her admission a small outbreak occurred in the ward 
owing to the introduction of an unsuspected case. On the day before 
her discharge cultures were obtained from this girl, which showed the 
presence of a few colonies of diphtheria bacilli, which were later proved 
to be virulent. On the urgent request of her parents, however, she 
went home to a small village in which no cases of diphtheria had 
occurred, About a fortnight after her return, diphtheria broke out 
amongst the members of her family, of whom three suffered from the 
disease. Although the girl remained in perfect health subsequent 
cultures showed the presence of numerous colonies of diphtheria bacilli. 

Bugbee (1904) gives the following example: A young woman, six 
weeks after an attack of diphtheria, came to reside at Brooklyn with a 
family consisting of two adults and two children. Six days later one 
adult and one child developed diphtheria. The grandmother of the 
healthy child came to attend to it and was in the house for four weeks, 
but did not see the diphtheria patients. When the grandmother 
returned home to Vermont two members of her family developed 
diphtheria within a week. From her throat a pure culture of diph- 
theria bacilli was obtained. 

Park and Beebe (1895) quote an instructive case. “In a family of 
eight children one sickened of diphtheria and a second child, a baby, 
was sent to a neighbour. The next day cultures showed that this baby, 
as well as two of the other children, all of whom were apparently 
healthy, were infected with diphtheria bacilli. The three apparently 
healthy but infected children, as well as the sick one, were at once 
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quarantined, but already one of the family, to which the baby had 
been sent, had contracted diphtheria from it.” 

Hutchens (1906) records a noteworthy example of the conveyance 
of diphtheria by a perfectly healthy contact. “One of the pupils at a 
private boarding school contracted diphtheria. As soon as the true 
nature of the disease was recognised, the throats of all the inmates of 
the establishment, some thirty in®all, were examined. Diphtheria 
bacilli were found in the cook’s throat and in no one else’s. On being 
questioned she admitted having visited a neighbouring town some three 
or four days previously, and, while there, had been in contact with a 
case of diphtheria. These statements were investigated and found to be 
correct. There was no diphtheria in the town in which the school was 
situated, and the cook herself was in perfect health.” 

White (1901) also recounts an instance of the spread of diphtheria 
by perfectly healthy contacts. Four persons, continually exposed to a 
child which harboured diphtheria bacilli, were examined three months 
after the latter had recovered, and diphtheria bacilli were found in the 
throats of two of them. About this time two children were exposed to 
these persons for a day or two, and one of them on going home imme- 
diately developed diphtheria. No other source of infection could be 
traced. 

Cuno (1902) investigated an outbreak which occurred first in one 
and then in another ward of a hospital. On careful examination it 
was discovered that one nurse had virulent diphtheria bacilli in her 
throat, and the outbreak was found to have followed her removal 
from the one ward to the other. 

Newsholme (1904) also gives an instance of the spread of the disease 
by a healthy infected contact. F. W., aged six, attended until March 
13th a school in which cases of diphtheria were occurring at the time. 
She was kept at home because she had ringworm, but is stated to have 
had no cold or sore throat. On March 19th, her sister E. W., aged 44, 
failed with diphtheria. E. W. had not been attending school, and 
had been kept strictly indoors owing to a recent attack of chicken- 
pox. 

Although no bacteriological evidence is mentioned, the following 
case related by Newsholme (1904) is of interest. During an outbreak 
of diphtheria a girl, although she sat next to another who attended 
school for several days while suffering from an attack of unrecognised 
diphtheria, remained perfectly well. Within a few days a young man 
who lodged at the former’s house developed diphtheria. He had only 
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one meal in the house which was brought up to him by this child or 
her sister. 

One of the most interesting cases of the transmission of diphtheria 
by non-sufferers is that recorded by Peck (1895). The first case of the 
series was that of R. H., aged 45, who lived in house A, and began to be 
ill on October 12th, 1894. “The case was typical and was followed by 
double drop-wrist. No other persons in this house suffered from sore 
throat.” The next case occurred in house B, which was half a mile 
distant from A. “There was no communication between the houses 
till December 26th, when the occupier began to work for R.H. Case 2, 
E. J., aged 74 years, had a sore throat on or about January 2nd, 1895. 
The case was typical and followed by paralysis of both legs. The 
patient died of cardiac syncope. Case 3, E. J., aged four years, began to 
be ill on February 6th. This was a typical case and resulted in death 
from asphyxia. Case 4, J. J., aged 12, had a sore throat on February 
16th. The case was typical and followed by dimness of sight and 
strabismus. Bacteriological examination of cultures showed the 
presence of large numbers of diphtheria bacilli.” All these persons 
were members of one family. The next case occurred at house C.,, 
which was 1} miles distant from A and B. “R. J., aged 18, brother 
of the last three patients, worked here from January 15th. His mother 
stated that he was at home for a few minutes on the days his sisters 
were buried, but at no other time. He himself admitted having been 
at home on each Sunday to change his shirt, which he did in the room 
occupied by the patients. He stated that he did not suffer from sore 
throat at any time, but bacteriological examination showed typical 
diphtheria bacilli in large numbers to be present in his throat. There 
is no history of his ever having had diphtheria. Case 5, J.C., aged 18, 
began to be ill on February 26th. He worked on the same farm as 
the last youth, and slept with him. He went home to house D on 
February 27th, being then ‘full of cooth, and suffering from sore 
throat and unable to work, ‘Typical diphtheria bacilli were present 
in large numbers on March 16th.” House D was nearly two miles 
distant from all the other houses, “Case 6, J. C., aged 13, slept with 
the last patient, his brother. On March 8th he was seen for the first 
time by his medical attendant and was then dying. No bacteriological 
examination was made. Case 7, E. C., aged three, sister of the last two 
patients, began to be ill on March 12th. The case was a typical one, 
and an abundance of typical diphtheria bacilli was found on bacterio- 
logical examination.” 
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“ House B was probably infected by the father of the family, who 
himself did not suffer from the disease. His son R. J. did not suffer 
from the disease, though he was proved to have its germs in his throat, 
but he was the means by which it was carried to house C, whence it 
was taken to house D.” 

Cases of infection carried by patients long after they have recovered 
from the disease, and appear to be in perfect health, have frequently 
been recorded. Such persons are in the same condition as healthy 
individuals carrying virulent diphtheria bacilli and might reasonably 
be included in this group, though in most accounts they are separately 
considered. 

It is only those persons who are infected with virulent diphtheria 
bacilli, who are apparently capable of transmitting the disease, since 
there is little or no evidence to show that persons harbouring non- 
virulent diphtheria bacilli can infect others with virulent bacilli. 


The Mode of Transmission of Bacilli from unrecognised Cases and 
healthy infected Contacts to other Persons. 


Instances occur, probably not’ infrequently, in connection with un- 
recognised cases, and healthy infected contacts, in which the bacilli are 
conveyed to others in saliva through coughing or sneezing. ‘The kissing 
of babies and children as a means of spreading the disease has been 
particularly insisted on by Hewlett and Murray. ‘These methods of 
infection can only affect a small number of very close contacts, mostly 
limited to the families or intimate friends of the infected children. 

In schools, however, the passage of sweets, pencils, pens, slates, etc., 
from one child to another, and especially the habit children have of 
placing their fingers, and such articles as pencils in their mouths, 
explain the rapid spread of infection in such institutions; and the 
absence of these habits in adults may to some extent account for 
their relative immunity from the disease. 

Some remarkable examples of transferences by these means are 
given out of the large numbers which might be quoted: 

Cobbett (1901, p. 247) gives two examples. ‘The day before B. C. 
was taken ill he had spent the evening with some neighbours. Four 
of these were examined for diphtheria bacilli with the result that they 
were found in two boys of 16 and 20, but not in a baby, nor yet in a 
sister of 14. On further inquiry it was discovered that B. C. had 
played with one of these boys at parlour cricket and each had taken 


G. S. GrRAHAM-SMITH 319 


it in turn to score with the same pencil, which doubtless often found 
its way into their mouths. It is quite clear then how the bacilli found 
their way from B.C. to this boy. From him they easily found their way 
to his brother, for the two boys slept in one bed.” Cobbett (1901, p. 232) 
also traced the spread of the disease amongst certain school children in 
a class to the hours during which slates were used. This class consisted 
of nine boys and seven girls. It was notable that while seven of the 
nine boys of this class suffered from diphtheria, only one of the seven 
girls in it was affected, and one other was discovered to be harbouring 
a virulent diphtheria bacillus. For almost all the lessons the boys and 
girls of this class were mixed indiscriminately, and according to their 
school mistress they played together out of school hours. The only 
explanation of the unequal incidence of the disease upon the boys 
and girls was that twice a week the girls were separated from the 
boys to do needlework, whilst the latter had a drawing lesson. It can 
scarcely be doubted that it was during this drawing lesson, when slates 
were in use, that infection was distributed. One of the boys attended 
the class for three weeks while suffering from unrecognised nasal 
diphtheria. 

In this connection Bond (1898) remarks that he has ascertained 
that in certain schools each child does not have its own slate, and 
that as a means of cleaning their slates licking is common. 

Wesbrook (1900) remarks that “in watching children at play it does 
not take long to be convinced of the almost innumerable opportunities 
afforded for the exchange of the bacterial flora of mouths and noses,” 
and later states (1905) that “the experience of Minnesota would seem 
to point decidedly to the conclusion that diphtheria infection is trans- 
mitted usually by almost direct exchange of the flora of the nose and 
mouth.” 


The Conveyance of Infection by other means than Personal Contact. 


As compared with personal contact the other means by which diph- 
theria may be spread are, with the exception of infection through milk, 
of little practical importance. Infection is recorded to have been con- 
veyed by infected articles, milk, food substances, animals, and birds, 
and by the agency of air currents, drains, and soil. 

(1) Infected articles. Instances of infection by means of infected 
articles which may pass from mouth to mouth, practically amounting 
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to direct transmission, as well as examples of the conveyance of diph- 
theria by musical instruments, ete, long after their infection, have 
already been quoted. Experimental evidence of the cultivation of 
diphtheria bacilli from articles closely connected with patients, as 
well as evidence showing that diphtheria bacilli may remain alive 
for long periods in a dried condition, have also been given. 

Many other articles may become soiled by diphtheritic excretions 
or saliva containing virulent bacilli and convey the disease, but 
attention ought to be especially directed to speaking tubes and to 
cups or glasses from which several individuals drink in succession, 
more particular those attached to public fountains. 

(2) Food substances. Experimental evidence of the time diph- 
theria bacilli may remain alive and retain their virulence in some 
food substances, including water, has already been given (p. 172). Certain 
of these substances, such as sweets and fruit, which often pass from one 
child to another, frequently convey infection in the same manner as 
pencils, etc. Park and Beebe (1895, p. 51) traced a group of cases to 
a sweet shop. “The child of a man who kept a candy-store developed 
diphtheria; there were four other children in the family, and these 
were in no way isolated from the sick, yet none of them developed 
diphtheria ; but the children who bought candy at the store, and other 
children coming in contact with them at school, developed diphtheria. 
The secondary cases ceased to develop as soon as the candy-store was 
closed.” 

No widespread epidemic seems to have been reported which was 
spread by the agency of any infected food substance except milk. 
Vincenzi (1898), however, on examining the holy water in churches 
during an epidemic found amongst other bacteria, diphtheria bacilli. 
He proved their identity by culture and virulence tests. 

(3) The evidence relating to the dissemination of the disease by 
animals and birds, is fully given elsewhere (Chapter VII). 

(4) Air-borne infection. Welch (1891), writing 15 years ago, 
said that “diphtheria is one of the infectious diseases the germs of 
which may be taken into the body by the inspired air,’ and up to the 
present time examples are occasionally quoted of apparent air-borne 
infection. 

It must, however, be pointed out that diphtheria bacilli have seldom, 
if ever, been found in the air of wards or rooms occupied by diphtheria 
patients, in the few attempts which have been made to investigate this 
problem. 
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on shoes, brushes, etc., twice examined the air of the ward with negative 
results. Sudeck (1898) exposed plates in rooms, some occupied by 
healthy persons and others by diphtheria patients, and obtained 
some colonies of diphtheria-like bacilli, but never found true diph- 
theria bacilli. 

Cobbett (1904) says he has been unable to find diphtheria bacilli on 
plates exposed in diphtheria wards except in situations in which they 
could easily be contaminated by the patients, and Hill (1902) also in 
a large number of experiments only appears to have found bacilli in 
similar situations (see p. 308). 

Though it cannot be denied that air-borne infection may occur, both 
the experimental and the more recent clinical evidence point to its 
being a very rare mode of dissemination. 

(5) Dust. That the dust found on the floors of hospital-wards may 
contain virulent diphtheria bacilli has been proved by the researches of 
Wright and Emerson (p. 308), and the power of the diphtheria bacillus 
to survive for long periods in dust on dry surfaces has been experi- 
mentally demonstrated by Germano (1897), Hill (1902) and others. 

The possibility therefore of infection by means of floating particles 
of dust stirred up by sweeping, or otherwise, cannot be denied. Con- 
clusive evidence of infection by this means has not been obtained, 
though some instances are given in the literature, which might be 
attributed to this cause, as, for example, of persons developing the 
disease after moving into houses lately occupied by patients. Some 
of the cases attributed to aerial infection may also have been due to 
dust. 

(6) Soil, References are occasionally to be found relating to the 
origin of diphtheria from polluted soil, but very little evidence is to 
be found in support of this view, although Leighton (1901) has shown 
experimentally that diphtheria bacilli can remain alive in moist warm 
clay for 18 days. Sharp (1896) stated that he found organisms morpho- 
logically like diphtheria bacilli and having similar colonies in two soils 
obtained from a locality in which diphtheria existed. No further tests 
to prove their identity appear to have been made. 

(7) Drains and sewer gas. The belief is extremely widely held, 
particularly in Great Britain, that sewer gas is the predisposing cause 
of diphtheria, and scarcely a case occurs but it is attributed to “drains” 


1 The condition of the soil in regard to dampness and the exhalation of gases may 
affect the incidence of diphtheria by lowering the general health (see p. 69). 
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by the friends, and frequently by the medical men. Individual cases 
and even outbreaks have been frequently attributed to decaying manure 
and refuse heaps. 

For example, Sutton (1894) states that im the parish of Upchurch 
large quantities of refuse from London dust-bins are brought by 
barges, and deposited on the quay. “These masses lie mouldering for 
weeks and the noxious fumes are carried in the direction favoured by 
the wind.” At one time five cases of diphtheria occurred, and Sutton 
considered that these were infected by the foul gases. He concludes 
with the following observations : 

“After due inquiry as to the origin of the first and subsequent 
cases, I came to the conclusion that these cases of diphtheria originated 
in the deleterious emanations generated in such immense volumes and 
were air-borne, especially as there was an utter absence of proof, or 
even suspicion, of direct personal contagion and no evidence pointing 
to schools as the cause. I am fully of the opinion that this disease 
originates with insanitary conditions, especially foul nuisances.” 

On the other hand Delépine (1904) recently investigated an out- 
break attributed to an effluvium nuisance from a tannery, but found on 
careful inquiry and examination that the infection had been brought 
into the locality by a diseased person. 

Many of these illnesses, which are mistaken for diphtheria, and 
which apparently result from the inhalation of foul gases, are, however, 
not associated with diphtheria bacilli. Diphtheria bacilli have never 
been found in drains or sewer gas, or in refuse heaps, and there is no 
bacteriological evidence to show that the emanations from the latter 
can originate true diphtheria; nor is there evidence that bad drains 
and insanitary environment can ever convert non-virulent into virulent 
bacilli. Shattock (1898) experimented on this question and found 
that it was impossible to raise the virulence of lowly virulent bacilli 
by cultivating them in sewer air, even after two months. 

Hutchens (1906) gives an interesting example of apparent infection 
due to a bad system of drainage, which was subsequently proved to be 
caused by infected milk (see p. 325). 

(8) Laboratory infection, Accidental infections in laboratories have 
from time to time been recorded, but are very rare. 


Milk Epidemics. 


In 1878 Power’ brought forward evidence that diphtheria might be 
spread by means of milk. Between 1878 and 1882 several epidemics 


1 Local Government Board Report for 1878. 
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occurred in which the milk appeared to be the principal source of 
infection. The first milk epidemic following the discovery of the 
diphtheria bacillus occurred in York Town and Camberley in 1886 
and was investigated by Power', and Klein’s experiments, already 
quoted (p. 282), were undertaken in connection with this outbreak. 
Several outbreaks have since been recorded in which the milk supply 
has been the only source of infection in common amongst the patients, 
but in the great majority bacteriological evidence of the presence of the 
diphtheria bacillus in the milk, or in the throats of the milkers or their 
families, or in any lesions on the cows’ udders is wanting. References? 
only to the most striking of these outbreaks are given, although the 
reports of some of them are extremely convincing and show that the 
outbreaks came to an end when the infected milk supply was stopped. 

Some typical examples of milk epidemics are here summarised in 
which some bacteriological evidence of diphtheritic infection amongst 
the milkers was obtained, as well as all those outbreaks in which 
diphtheria bacilli were actually isolated from the milk. 

Appleget (1893) describes a severe epidemic apparently due to 
infected milk at Hightown, a place of 2,000 inhabitants. Although 
no bacteriological proof of the contamination of the milk is produced 
the outbreak has several features of interest. In the first week of the 
outbreak 28 persons were attacked, and of these 11 died. Milk was 
supplied to the town by six dairymen but the disease was confined 
to the customers of one of them. Investigation on the fifth day of 
the outbreak showed that the boy who washed the cans at this dairy 

1 Local Government Board Report for 1886 (pp. 311-326). 

2 The following outbreaks are good examples of diphtheria apparently spread by milk. 

Little Horton, Bradford, 1879 (H. Butterfield, Brit. Med. Journ., 19. vi. 1880, vol. 
I. p. 953). 

Kilburn and St John’s Wood, 1879 (W. H. Power, Local Government Board Report, 
1879). 

Rugby, 1881 (G. Wilson, Brit. Med. Journ., 3. ix. 1881, vol. m. p. 415). 

Hendon, 1882 (W. H. Power, Local Government Board Report, 1884, p. 42). 

Devonport, 1882 (H. F. Parsons, Brit. Med. Journ., 5. v. 1883, vol. 1. p. 876). 

Canterbury, 1886 (Wacher, Brit. Med. Journ., 21. viii. 1886, vol. 11. p. 397). 

Melrose and Malden, 1887 (J. S. Clark, Brit. Med. and Surg. Journ, vol. 11. p, 100). 

Enfield, 1887 (R. B. Low, Local Government Board Report, 1888, p. 123). 

Croydon, 1890 (Philpot, Brit. Med. Journ., 1891, vol. 1. p. 470). 

Worcester, 1891 (Thussfield, Public Health, 1891-2, p. 130). 

Surbiton, 1891 (Coleman, Public Health, 1891-2, p. 158). 

Glasgow, 1892 (Russell, Brit. Med. Journ., 1892, vol. 11. p. 432). 

Limekilns, 1892 (Nasmyth, Annual Report, 1892). 

Short accounts of most of these outbreaks are given by Swithenbank, H., and 
Neumann, G. (Bacteriology of Milk, 1903, pp. 346-351). 

21—2 
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had a sore throat with patches of membrane on the tonsils, and had 
been ill for several days previously. In one instance the adults im one 
house obtained their milk from this source, while the children obtained 
it from another. Two of the adults contracted the disease, but the 
children escaped. Only two cases occurred outside the village, one the 
daughter of the dairyman, and the other his niece. 

Howard (1897) investigated a more extensive outbreak of diph- 
theria at Ashtabula in which 100 cases were notified, of which 64 
occurred within eight days. These 64 occurred in 49 widely separated 
houses, and their true nature was proved by the isolation of diphtheria 
bacilli from many of them. These cases were entirely confined to 
houses receiving their milk from one source. On inquiry at the 
dairy it was ascertained that one of the workers had recently suffered 
from a bad sore throat, and that this patient, while ill, had assisted 
at the dairy work. At the time of investigation no diphtheria bacilli 
were found either in the milk or the throat of this person. 

Lee (1898) records an outbreak in which, owing to its sudden origin 
and the impossibility of the patients having come into contact with one 
another, the milk supply was immediately suspected. On investigating 
the farm from which the milk was obtained it was found to be in a 
filthy condition, and streptococci and bacilli morphologically resembling 
diphtheria bacilli were cultivated from the milk. The latter, however, 
could not be isolated. Further investigation revealed the fact that the 
nephew of the dairyman had diphtheria bacilli in his throat, and that 
a case of severe diphtheria had occurred there three weeks previously. 

Biggs (1900) reports a somewhat similar outbreak at Ithica. The 
milk supply of all the families affected came from one dealer. On 
inspection all his premises and sanitary arrangements were found to 
be in good order. This dealer obtained some of his milk from a 
neighbouring farmer, and in consequence the farm was also visited. 
Several of the inmates were found to be suffering from sore throats, 
and cultures taken from their throats showed the presence of diphtheria 
bacilli, The milk supply was stopped from this farm, and the epidemic 
came to an end. 

The bacteriological evidence in the case quoted by Chase (1900) is 
even stronger. Two children in a milkman’s family developed diph- 
theria. All the members of the household were examined by cultures, 
but no diphtheria bacilli were found. Three weeks later diphtheria 
began to appear amongst the customers. On re-examination of the 
inmates of the milkman’s house three men were discovered to be 
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harbouring virulent diphtheria bacilli in large numbers. Up to this 
time two of these men had been employed in milking the cows. 

Littlejohn (1900) reports a milk outbreak in Edinburgh and 
Liberton. At the dairy supplying some of the milk shops in these 
places a young man was found assisting at the business suffering 
from unrecognised diphtheria. As soon as the suspected milk was 
stopped the outbreak came to an end. 

Although the bacteriological evidence is not conclusive, an outbreak 
of diphtheria at Leith recorded by Robertson (1905), apparently spread 
through the agency of milk, is of some interest. The outbreak coin- 
cided with the appearance of ulcers on the teats of the dairy cows, of 
which 19 out of 45 were affected. When all the diseased cows were 
isolated the outbreak ceased. Although diphtheria bacilli were found 
in the throats of most of the patients, swabs taken from the ulcers of 
the cows only showed a few doubtful organisms whose identity was 
never proved. 

Hutchens (1906) cites an interesting example of the conveyance 
of diphtheria by infected milk. “A village school was re-opened after 
the vacation on a certain Tuesday; on the following Thursday evening 
the schoolmaster’s child, aged three years, had a sore throat, which was 
proved by bacteriological examination to be diphtheria. The following 
morning three or four children in the village who had attended school 
on the three previous days also developed the disease. The school- 
master’s child had not himself been to school, neither had he been 
in contact with the other children. This child only arrived in the 
village on the Monday night, and there was no diphtheria in the place 
whence he had come. The school itself had long been notorious for its 
lack of drainage, and during the vacation a system of drainage had 
been introduced, but was not completed before the school was re- 
opened. The surroundings both of the school and of the schoolmaster’s 
house adjoining were most insanitary and offensive. This to the casual 
observer, was an undoubted instance of diphtheria due to ‘insanitary 
surroundings, and the outbreak was in fact locally attributed to this 
cause. Inquiries were now directed to ascertaining whether there were 
any cases of diphtheria in the neighbouring village. Some four or five 
were discovered. These could not be explained on the theory of direct 
contact, as they dated their illness from the same period as the school 
children. The question of milk supply was considered. It was then 
found that all the houses in which cases of diphtheria had arisen were 
supplied with milk from the same farm. A visit was paid to the dairy 
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farm some miles from the village; it was there found that one of the 
milkers was complaining of a ‘sore throat. Swabs were taken from 
his throat and from the throats of all the other people living at the 
farmhouse. I found virulent diphtheria bacilli in three of these 
throats. Precautions were taken to prevent those harbouring the 
bacilli from having anything further to do with the milk, and no 
further cases occurred in the village. The milk supply from the 
farm to the village was not interrupted for a single day.” 

In the following instances virulent diphtheria bacilli were actually 
isolated from the suspected milk. 

Bowhill (1899) isolated virulent diphtheria bacilli from suspected 
milk during an outbreak at Senghenydd. 

Eyre (1899) isolated diphtheria bacilli from the milk supplied to 
a large school in which diphtheria was prevalent, and proved them to 
be fully virulent. He obtained them in all the 15 serum tubes sown 
from the cream obtained after centrifugalisation, but in only five out 
of 15 sown from the sediment. The examination of this milk was 
undertaken in connection with an extensive outbreak of diphtheria 
investigated by Goadby (1900) (see p. 186). 

The small outbreak investigated by Dean and Todd (1902) has 
already been described. The bacilli were isolated from the milk and 
lesions on the cows’ udders, and also from some of the patients, and 
proved to be virulent (see p. 286). 

More recently Ashby (1906) investigated a milk epidemic, and 
found virulent diphtheria bacilli in the lesions of the cows’ teats, but 
not in the milk (see p. 287). 

Klein (1901) obtained a virulent diphtheria bacillus from one out 
of 100 samples of milk in London. No information could be obtained 
as to the source of infection. 


Summary of Milk Epidemics. 


Klein (1890) concluded from his experiments that under certain 
conditions diphtheria bacilli might be found in the milk as drawn from 
the udder, and pointed out that in certain outbreaks in which the 
milk was suspected the cows were suffering from lesions similar to 
those he obtained experimentally. Other observers have, however, 
failed to corroborate Klein’s results, and the general opinion appears 
to be that in these cases the diphtheria bacilli are not derived from the 
cow. Virulent diphtheria bacilli have on four occasions been found in 
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milk and twice, by Dean and Todd (1902) and Ashby (1906), in the 
naturally acquired lesions of cows’ teats. 

The experiments, however, of the former workers showed that the 
lesions were not due to the diphtheria bacilli. 

It has been shown that unsterilised milk at ordinary temperatures 
is a suitable nidus for the multiplication of diphtheria bacilli (p. 172), 
and there can be no doubt that milk has been the vehicle for the 
contagion in certain outbreaks. In most of these it seems probable 
that it was infected at the dairy or at some other place before reaching 
the consumers. Dean and Todd point out that a ready -means of 
infection of milk by persons harbouring diphtheria bacilli is the filthy 
habit of some milkers of spitting on their hands. 


Diphtheria-like organisms in Milk. 


The occurrence of diphtheroid organisms in milk, recorded by many 
observers, emphasises the necessity for very careful investigations, in- 
cluding animal inoculations, before a diagnosis of the presence of 
diphtheria bacilli in milk can be made. 


Bergey (1904) isolated from milk, drawn under his observation directly from the 
udders of the cows, five strains of diphtheria-like bacilli, which in morphology 
belong to A;, C,, and D, of Wesbrook’s types. They form small smooth gray or 
yellowish colonies on serwm like those of the diphtheria bacillus, and on agar the 
growth is also diphtheria-like. Acid is produced in glucose broth and in milk. No 
visible growth occurs on potato, and no indol is produced. These organisms are 
non-pathogenic. He also found other organisms which resembled diphtheria bacilli 
less closely in morphology, produced pigmented growths and also differed in other 
cultural characters. 

Klein (1901, p. 87) isolated from milk a diphtheroid organism, which he named 
Bacillus diphtheroides. This organism resembles the diphtheria bacillus in size, 
shape and clubbing. It does not stain very readily with the ordinary stains, but 
shows polar granules and retains Gram’s stain. On serwm it forms small, round 
granular colonies which at first slightly liquefy the medium and finally make it 
quite liquid. Growth on agar is slow. After three days the colonies are still 
very small, but after a week they have a dark centre and uneven edges. Very little 
growth occurs in broth. There is no growth on gelatin. Milk becomes acid and is 
coagulated. 

Intraperitoneal or subcutaneous zroculations into guinea-pigs give rise to sub- 
acute abscesses containing thick yellow pus from which the organisms can be 
recovered, After subcutaneous injections the inguinal glands are especially aftected, 
and after intraperitoneal the omentum, pancreas, and perinephric tissue. 

McClure (1898) separated from milk a curved, banded bacillus which stained 
intensely at the poles, but did not retain Gram’s stain. Under the microscope 
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the bacilli had the characteristic arrangement of diphtheria bacilli On agar 
it produced a considerable white, partly confluent, growth which later became 
yellowish. It grew rapidly on gelatin and produced a grayish white growth on 
potato. Broth was made cloudy and a white flocculent deposit was produced. 
Milk was turned acid in 48 hours and coagulated. A mouse injected subcu- 
taneously died in 14 hours. 

Eyre (1900) isolated from milk five organisms resembling the diphtheria bacillus 
“The interest of these observations lies in the fact that it would be quite easy to 
be deceived by the microscopical appearances of any one of these organisms.” The 
organisms could on their cultural peculiarities be divided into three groups which 
he calls “ Diphtheroid 1, 2 and 3.” 

Diphtheroid 1. Morphology. Pleomorphic bacillus of about the size of B. 
diphtheriae, showing segmentation of its protoplasm, metachromatic granules, and 
early involution forms, characterised chiefly by club shapes. It retains Gram’s 
stain. On serwm slender segmented bacilli showing a fair amount of meta- 
chromatism are seen. On serwm discrete semi-transparent colonies occur, whitish 
in 24 hours, but taking on a yellowish colour in 48 to 60 hours, by which time 
many have coalesced into a thick layer. The growth afterwards becomes dry and 
powdery in appearance. On gelatin there is a good growth, white at first, later 
citron coloured. On potato there is a very slightly raised yellowish powdery 
growth. In broth a granular deposit is formed, but the medium remains clear. In 
milk a good growth takes place, but the medium remains unaltered. There is no 
acid, gas, or indol production. Non-pathogenic. 

Diphtheroid 2. Morphology. Short pleomorphic bacillus showing segmentation 
of its protoplasm, metachromatic granules and early involution forms characterised 
chiefly by club shapes. Retains Gram’s stain. On serwm the bacilli resemble 
the “sheath form” of the diphtheria bacillus. On serwm large, discrete, raised, 
spherical, opaque, grayish colonies are formed and the growth in some cases is 
confluent. On agar small, discrete, raised and transparent colonies are produced. 
After a few days’ growth the colonies become faintly pink. On gelatin there is at 
first a good growth of discrete colonies which afterwards become confluent. The 
more superficial portions of the gelatin show a faint claret colour in about three 
days (the colonies remaining white or gray), which becomes deeper and tinges the 
whole of the gelatin in about a week. The colonies then acquire a faint rose pink 
tint. On potato a whitish shining growth occurs on the surface which becomes 
pinkish, and in three days the medium itself acquires a rose pink colour which 
becomes deeper. Broth becomes uniformly clouded, with a small amount of deposit 
at the bottom of the tube. A slight amount of acid is produced, but there is no gas 
or indol production. Non-pathogenic. 

Diphtheroid 3. Morphology. Pleomorphic bacillus showing segmentation of 
the protoplasm and early club-shaped involution forms. On serwm the majority 
of the bacilli stain badly. Some, however, stain well, show polar granules, and 
retain Gram’s stain. On serwm it forms a white, opaque, confluent growth, which 
appears as a film over the entire surface of the medium. On agar a good growth 
takes place in the form of raised, circular, white, opaque shining colonies, discrete 
at first, but tending afterwards to become confluent. On gelatin white or buff 
coloured very small colonies appear after several days growth. There is no growth 
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on potato. In broth growth occurs as small confluent masses which fall eventually 
to the bottom of the tube. There is no acid, gas, or indol formation. No macro- 
scopic change takes place in milk. It is non-pathogenic. 

Eyre concludes by saying that from his investigations “It follows that it is 
practically impossible to diagnose the presence of the true diphtheria bacillus in 
a milk sample by microscopical tests alone, but that the identity of the Klebs- 
Loeffler bacillus can only be established by careful consideration of its biological 
and pathogenic characters.” 


Summary of Chapter VIII. 


Patients suffering from diphtheria transmit the disease to others, 
either through the direct deposition of infected material on to the 
mucous surfaces or hands of their attendants or friends, or through 
the agency of infected linen, toys, etc. The extent to which the 
disease may be spread by patients suffering from clinically typical 
diphtheria depends on the measures adopted to secure complete and 
efficient isolation, and may be very great in those cases in which the 
arrangements for isolation are defective. Persons suffering from 
unrecognised diphtheria are a far greater source of danger to the 
community than those who develop the disease in a typical form, 
and are frequently the cause of extensive outbreaks. Such atypical 
forms of diphtheria may include nasal catarrh, membranous rhinitis, 
atrophic rhinitis, tonsillitis, acute and subacute, otorrhoea, and apparently 
simple catarrh. Other persons acquire the bacilli but develop no 
symptoms, but are nevertheless capable of infecting others in the same 
way, and of giving rise to diphtheria. Children suffering from un- 
recognised diphtheria and healthy children infected with diphtheria 
bacilli spread the disease mainly by means of articles which pass from 
mouth to mouth, such as pencils, toys, and cups. Personal infection 
through these agents is by far the most important factor in the dis- 
semination of diphtheria, and is the only one which plays an important 
part in most epidemics. 

Infected milk has apparently been the cause of some widespread 
outbreaks. 

All other possible means of transmission appear to play a com- 
paratively unimportant part. A few undoubted instances of infection 
through animals and of accidental infection from cultures are recorded. 

Very little bacteriological evidence can be produced to support the 
alleged instances of air-borne transmission, or infection through soil, 
dust, drains, sewer gas or decomposing refuse. 


CHAPTER IX. 


BACTERIOLOGICAL DIAGNOSIS. 


Direct examination of cover-glass preparations. Swabs. Inoculation of culture 
media. Choice of media. Temperature and time of cultivation. Methods of 
making preparations for microscopical examination. Smears. Preparations 
from separate colonies. Staining of fixed preparations. Significance of polar 
bodies. The recognition of diphtheria bacilli under various conditions. Methods 
of obtaining pure cultures. The distinguishing cultural and pathogenic pro- 
perties of the diphtheria bacillus. Method of recording the morphological 
appearances. Unusual diphtheritic lesions of the mouth. Diphtheria-like 
organisms found in the mouth. Diphtheritic lesions of the nose. Diphtheria- 
like bacilli found in the nose. Diphtheria of the eye and diphtheria-like bacilli 
found in the eye. Diphtheria of the ear and diphtheria-like bacilli found in the 
ear. Diphtheria of the skin and diphtheria-like bacilli found on the skin. 
Diphtheria of the female genital organs and diphtheria-like bacilli found on 
them. Diphtheria of the male genital organs and diphtheria-like bacilli found in 
the urethra. Diphtheria of the anus and rectum. Diphtheria and diphtheria- 
like bacilli in the urine. 


Direct Examination of Cover-glass Preparations. 


For the purpose of rapid diagnosis, and as an aid in the examination 
of cultures, the direct examination of smears made from pieces of mem- 
brane or material from the surface of swabs has been greatly used. 
These smears, made on cover-glasses and allowed to dry, are fixed by 
rapidly passing through the flame or by the application of absolute 
alcohol, and are subsequently stained by Loeffler’s methylene blue, or 
by Neisser’s method, or some modification of it, and mounted. The 
general arrangement of the diphtheria bacilli, and their staining 
properties under these conditions, have already been described (p. 124). 
By means of smears a correct diagnosis of the presence of diphtheria 
bacilli can frequently be made in clinical cases of diphtheria, but even 
in these cases the subsequent examinations of cultures show diphtheria 
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bacilli to be present in a considerable proportion of cases in which they 
had not been recognised in the smears. It follows, therefore, that very 
little trust can be placed on negative smear examinations, even in 
clinical cases, and none whatever in the case of convalescents, and 
contacts. 

Again a positive diagnosis of the presence of diphtheria bacilli may 
not be confirmed by the culture test, since, whatever staining method 
may be used, other organisms are apt to be mistaken for diphtheria 
bacilli. Irregular, spindle-shaped bacilli and fragments of strep- 
tothrices, somewhat resembling true bacilli, are frequently met with 
in smears, and implicit reliance cannot be placed on Neisser’s 
or other special stains since cocci and bacilli showing polar granules 
are of common occurrence. 

The statistics of a carefully controlled set of experiments are quoted 
below (Mason, 1901): 


Swab and serum culture both positive ats 500 37 
Swab negative, serum culture positive Ue bate 10 
Swab doubtful, serum culture positive oe ae 7 
Swab positive, serum culture negative ae ans 3 
Swab and serum culture both negative oes os 34 
Swab doubtful, serum culture negative ae da 6 
Swab doubtful, serum culture no growth ... ay: 2 

99 


By culture tests 54 of these cases showed diphtheria bacilli, but 
only in 37 or 68 / was the swab diagnosis positive, and amongst the 
45 cases negative by culture three (66 /) in smears showed organisms 
which were taken to be diphtheria bacilli, and eight (17°7 4) showed 
doubtful organisms. In this series including the doubtful cases, the 
smear diagnosis differed from the culture diagnosis in 28 / 

Hector (1905) examined 100 consecutive cases both by direct smears 
from the swabs and by cultures. In no case were diphtheria bacilli 
diagnosed in the smears and not subsequently found in the cultures. 
Cultures from 36 cases showed the presence of diphtheria bacilli, but 
they were only recorded as present in smears from 21 (58°5 ‘/) of these. 

Pugh (1905) using a special stain (p. 146) found diphtheria bacilli 
with definite polar bodies in smears made direct from the swab in 231 
(57 °/) out of 402 examinations. Cultures from all these cases were 
positive. 

Beaton, Caijer, and Pakes (1901) and Cammidge (1901) believe 
that a trustworthy positive result can be obtained from the swab 
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direct. Salus (1902) is satisfied if he finds diphtheria bacilli in one 
out of five smears from diphtheria cases. 

Concetti (1900) advises the use of glass rods wrapped round with 
cotton wool impregnated with glycerinated glucose agar. One of these 
is rubbed on the throat, replaced in the tube, and placed in the in- 
cubator. After a few hours colonies develop and a smear is made from 
the rod and examined. 

Smears are, however, of great use in differentiating Vincent’s angina 
from true diphtheria, since the fusiform bacilli constantly associated 
with the former disease cannot be cultivated aerobically. Bacillus 
Jusiformis, and the spirilla which frequently accompany it, can be 
readily recognised in smears, and attention directed to the probable 
cause of the disease, before cultures can be examined (see Chapter X). 


Bacteriological Diagnoses by Means of Cultures. 


Swabs, Swabs are now in general use for obtaining the material 
with which the culture tubes are inoculated. The swab consists of a 
small quantity of cotton wool wrapped round a stout wire, the end of 
which is either roughened or slightly flattened. The wires are placed 
in glass or metal cases, so that the whole may be sterilised. Sterili- 
sation is generally accomplished by heating to 160°C. in a hot air 
steriliser for two hours. A convenient and cheap form of swab is 
illustrated below: 


H < 
ts ‘ 
wire glass case wool 


Platinum loops and various other devices have been made use of 
instead of swabs. 

Swabbing. In taking a swab from the mouth care must be exer- 
cised not to touch the surface of the tongue or other parts, either when 
introducing or removing the swab. It should be rubbed on the surface 
of the membrane or exudate, or, if neither of these is present, over 
the diseased area, and immediately replaced in its case. Pus or dis- 
charge from the nostrils can also be collected on swabs. 

In the case of contacts the swabs should be taken from any 
unhealthy areas that may be seen and also from the surfaces of both 


G. S. GRAHAM-SMITH aoe 


tonsils. Where exudation is seen from any of the crypts an attempt 
should be made to inoculate the swab with some of this material. 

Occasionally it is possible to express purulent material from the 
crypts of the tonsil, when very little can be seen on the surface, by 
pressing the tonsil inwards with the fingers below the angle of the jaw 
and rubbing the surface with the swab. 

Swabs should not be taken shortly after the application of anti- 
septics, as the growth of the bacilli on the culture media is thereby 
likely to be hindered or entirely inhibited. 

Under certain circumstances it may be impossible to sow the swab 
on culture media for several hours. Under these conditions it is 
advisable to moisten the surface of the swab with sterile water or 
broth before it is taken. 


Inoculation of Culture Media. 


For the purposes of routine examinations swabs are usually sown 
on the sloped surfaces of serum tubes, each swab on a single tube. 
The general custom is to thoroughly rub the swab over the surface of 
the medium in such a manner that all parts of the swab come into 
contact with the surface. In certain cases where there is likely to be 
a very copious growth the writer has found that a very satisfactory 
method is to rub the swab thoroughly over one side of the slope and 
pass it lightly over the other. The result is that at least on one part of 
the slope more or less separate colonies can usually be found. For 
special investigations the swabs may be rubbed over the surfaces of 
several tubes in succession, so that under any circumstances discrete 
colonies may be obtained. For this purpose plate cultures may also be 
employed, or small pieces of membrane or material from the surface 
of a swab may be made use of to inoculate sterile salt solution or 
broth tubes, and cultures be subsequently made from these. 


Choice of Media. 


Loeffler’s medium made from horse or ox serum has been most 
extensively used. Kanthack’s serum has also been employed by several 
observers, and Cobbett’s modification of Lorrain Smith’s serum medium 
was used by Cobbett in his investigations at Cambridge (see p. 150). 
The writer has also used this medium in the examination of several 
thousand cultures. 
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Comparative tests between Cobbett’s medium and Loeffler’s have 
convinced the writer that diphtheria and Hofmann’s bacilli grow equally 
well on both media, and that consequently owing to its transparency 
the alkaline serum is the most convenient for diagnostic work, since the 
separate colonies are more easily seen and their characters recognised, 
and it is simpler to obtain specimens from single colonies for microscopic 
preparations or the making of subcultures. 

So far as the writer’s experience goes media made from human 
exudates are unsatisfactory, as Hofmann’s bacillus is apt to resemble 
the diphtheria bacillus more closely than when media made from ox 
serum are used. 


Temperature of Growth. 


The cultures are generally incubated at 37° C., but various tem- 
peratures have been advocated between 35:°5° C. and 37°C. Those who 
advocate the lower temperatures think that diphtheria bacilli alone 
develop polar bodies within a given time (18 to 20 hours), and may 
therefore be diagnosed by their presence (see p. 142). 


Time of Cultivation. 


The great majority of observers examine their cultures after 12—18 
hours’ growth, and most of them do not re-examine them after further 
growth. As has already been pointed out diphtheria and Hofmann’s 
bacilli generally develop recognisable colonies in this time, whereas the 
majority of organisms found in the throat do not show visible growth 
on serum after this period of cubation. Certain cocci and bacilli do, 
however, form colonies within this period. 


Methods of making Preparations for Microscopical Examination. 


(1) Smears made after a few hours’ growth. Ohlmacher (4. v. 1895) 
has recommended scraping the surface of the culture medium with a 
platinum loop after four hours’ incubation at 87°C. He states that 
under these conditions “no trouble will be experienced in finding 
plenty of organisms upon which to base a satisfactory diagnosis.” 

The smear on the cover-glass must occupy a very small area in order 
that the organisms may not be too widely scattered and consequently 
missed. ‘This method was advocated purely for the purpose of obtaining 
a very rapid diagnosis by culture. 
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(2) Smears made from the surface of the culture after 12—18 
hours’ growth. Many observers prepare smears on the cover-glasses 
by scraping material from the surface of the cultures. This method of 
obtaining preparations regardless of the separate colonies has been 
described earlier (p. 213). For the purpose of scientific research the 
results obtained from such preparations are obviously useless, since 
nothing but the morphology of bacilli inextricably mixed from various 
colonies can be determined. 

It is impossible to state whether the various types found came from 
separate colonies or were present in single colonies. Further, if the 
whole surface of the tube has been scraped, it becomes hopeless to 
obtain pure cultures and test the accuracy of the diagnosis, and a second 
examination of the culture after further growth cannot be made. It 
necessarily follows that those who habitually employ this method give 
their diagnosis on certain fixed conceptions of diphtheria and other 
bacilli. They probably neither prove nor disprove the value of their 
diagnoses, and the errors are likely to be multiplied and perpetuated. 

An example of the effects of such proceedings may be taken from 
Pl]. XII, fig. 5. In this culture some of the larger colonies have 
been produced by Hofmann’s bacilli and others by cocci, while the 
smaller colonies are those of the B. coryzae segmentosus. A smear 
from such a culture would probably lead to a diagnosis of diphtheria, 
since the latter organism (Pl. XIV, fig. 1) bears a striking resemblance 
to the segmented diphtheria bacillus. It would also be stated that 
Hofmann’s bacilli occurred in conjunction with diphtheria bacilli. In 
other cases bacilli differing from diphtheria bacilli in every charac- 
teristic except morphology must be diagnosed as diphtheria bacilli. 
A more careful method at once obviates these sources of error. Even 
for the most superficial of routine examinations there is nothing to 
recommend the use of such smears except the saving of labour and 
time at the expense of accuracy. 

(3) Preparations made from separate colonies. .For the purpose 
of the routine diagnosis of diphtheria, preparations from separate 
colonies can be made with nearly as much ease as smear preparations, 
and the results are infinitely more satisfactory and reliable, and, for the 
purpose of obtaining statistics of scientific value or the examination of 
contacts or convalescents, are the only ones which are trustworthy. 
Several preparations from different colonies can be made on one cover- 
glass, and under these conditions can be examined faster than smear 
preparations. In the latter it is necessary to thoroughly examine the 
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whole smear in order to determine the absence of any given organism ; 
in the former an examination of any part of a preparation from a single 
colony suffices. Preparations from single colonies are made in the 
following manner: the top of a colony is touched with a sterile needle, 
which is then dipped in a capsule of water and drawn two or three 
times along the cover-glass so as to produce a streak. The same process 
is repeated with different colonies until several lines (5 or 6), composed 
of micro-organisms from separate colonies, are made in parallel series 
on the cover-glass. 

It might be thought that the water would become so contaminated 
that the preparations from the various colonies would eventually show 
several kinds of organisms. In practice, however, this is not the case. 
For greater accuracy minute drops of water may be placed in a row on 
the cover-glass and the inoculated point of the needle dipped in one of 
these before the streak from it is made. In all cases streaks should 
first be made from diphtheria-like colonies, and then from colonies 
more or less resembling them. Streaks from colonies widely differing 
from those of the diphtheria bacillus are made still later. If the 
examination of the diphtheria-like colonies does not reveal diphtheria 
bacilli several typical colonies from various parts of the tube should be 
examined. In all cases it is desirable as far as possible to examine all 
dissimilar colonies ; since many of the organisms morphologically resem- 
bling diphtheria bacilli produce colonies totally different in appearance. 

It occasionally happens that in crowded cultures the colonies 
are so small and closely aggregated that separate colonies cannot 
be examined. In these cases streaks may be made in the manner 
described from groups of similar colonies. 

This method has numerous advantages over the smear method. 
Firstly, the colonies may be examined and the bacilli producing the 
various types recognised. In this way the writer has on several 
occasions been able to give a satisfactory diagnosis on organisms, 
which, from their microscopic appearance alone, might have caused 
trouble, but which formed colonies entirely different from those of the 
diphtheria bacilli. Further, the various types of bacilli present in 
single colonies can be determined, a matter of some interest in view 
of the assertion that several types of diphtheria bacilli may be met 
with in single colonies. The staining reactions of the various 
organisms forming different colonies can be observed, which is im- 
possible in smear preparations. Colonies of doubtful bacilli can be 
easily picked out for making subcultures and proving their identity. 
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This method allows also of the culture being further cultivated 
and the separate colonies being again examined after a longer period 
of growth. 

Although in typical cases of diphtheria little advantage is likely 
to be gained by the latter proceeding except when slow growing 
varieties of the diphtheria bacillus are present (p. 246), or the 
previous application of antiseptics has hindered development, yet in 
the case of contacts and convalescents, as far as the writer’s experience 
goes, the second examination frequently reveals isolated colonies of 
the diphtheria bacillus and also of Hofmann’s bacillus, which had 
either been overlooked owing to their small size, or had not developed 
at the previous examination. This is especially the case when the 
patients are being constantly treated with antiseptics in order to 
hasten the disappearance of the bacilli. Such bacilli would be in 
the majority of cases entirely overlooked in general smears since a 
single minute colony contains but few bacilli, and the probability of 
not finding them in the smear, or of their not being included, is 
very great. During the last three years the writer has, as a routine 
practice, made a second examination of all cultures in which diphtheria 
bacilliwere not originally found,and has discovered diphtheria bacilli in the 
second examination in 144 (5°8°/) out of 2454 cultures from 285 contacts 
and convalescents. These second examinations also frequently revealed 
the presence of isolated colonies of Hofmann’s bacillus. Considerable 
importance ought therefore to be attached to second examinations, since 
no observations on the classes of persons just mentioned can be con- 
sidered complete unless cultures, which at first show no diphtheria 
bacilli, are re-examined after a second period of incubation. Second 
examinations also frequently reveal the presence of Hofmann’s bacilli 
in many healthy throats, in which their numbers are very small. 
Although absolutely accurate statistics of the number of times 
Hofmann’s bacillus was discovered in the second and not in the 
first examination cannot be obtained from the writer's records, yet 
the unusually large percentage of normal persons recorded in Table D, 
p. 211, as harbouring these organisms is due in some measure to these 
secondary examinations. It was seldom found that they were missed 
on the first occasion, except in cases in which only one or two colonies 
were present amongst a copious growth of other organisms. 
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Staining of Fixed Preparations. 


Loeffler’s method is the one which has been most generally employed 
for staining the fixed preparations in whatever manner they have been 
made. This method when properly applied has been stated by many 
observers to give all the information which can be derived from the 
accessory methods of Neisser and others. The bodies of the bacilli 
show the characteristic irregularities in the protoplasm extremely well, 
and the metachromatic staining, in those which possess it, 1s well 
exhibited. Certain observers, therefore, state that for routine diagnostic 
purposes no other methods are necessary. 

On the other hand, there are many workers who consider that 
Neisser’s stain, or one of the other differential stains for the polar 
granules, is of great assistance, and almost invariably stain a second 
preparation from suspicious cultures in order to determine whether 
these granules are present or not. 

Both these methods can be combined and much time saved by the 
method devised by Cobbett. This process consists of making on a 
cover-glass several parallel streaks from different colonies. The cover- 
glass is allowed to dry and then dropped film side down on a glass slide 
on which has been placed a drop of dilute Loeffler’s methylene blue 
(1:5). The specimen is almost immediately firmly pressed down on 
filter paper with the cover-glass downwards, with the result that the 
excess of stain is forced from under the cover-glass and absorbed by 
the filter paper. 

Immersion oil is then placed on the cover-glass and the preparation 
examined, mounted in a small quantity of the staining fluid. If the 
films are properly prepared! no bubbles are found under the cover-glass, 
and the organisms take up the stain and appear to lie in a clear fluid 
(Cobbett and Phillips, x11., 1896, p. 197). By this method the more 
concentrated portions of the protoplasm of the diphtheria bacilli are 
stained dark blue, the other portions light blue and the polar bodies 
are usually indicated. 

Hofmann’s bacilli stain darkly except for the median light band, 
and amongst these well stained specimens numerous almost unstained 
“shadows” are to be seen. 

This method has very considerable advantages over the method of 


1 It has been stated that the cover-glass is apt to stick to the objective. This does not 
occur if large cover-glasses are used, and the excess of stain is removed by firm pressure. 
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staining by Loeffler’s blue and mounting in Canada balsam. In the 
first place much time is saved, the bacilli are not overstained nor are 
they liable to be distorted during manipulations or by the action of 
balsam. Comparative experiments have convinced the writer that 
in balsam the diphtheria bacilli appear smaller and shrunken, and 
are much less easily distinguishable from other organisms. Finally 
this procedure allows of 5 % acetic acid being run under the cover- 
glass as recommended by Cobbett (1x. 1901). A drop of the acid 
placed near the edge of the cover-glass generally runs quickly under 
the latter, and, if it does not do so, the withdrawing of a little fluid 
by placing a piece of filter paper at the opposite edge generally causes 
the acid to run in. If the preparation be watched during this process 
a wave of blue is seen to pass over it, and the bacilli are left almost 
decolorised except the polar bodies which stand out as dark black or 
blue dots. A single group of doubtful organisms can thus be readily 
examined for the presence of polar bodies without removing the eye 
from the microscope, a matter of great importance when the organisms 
are few, and it is doubtful whether they can again be obtained for 
making a preparation by Neisser’s method. 

Comparative experiments with this method and that described by 
Neisser show the results to be identical. The writer has used the 
method just described for the examination of several thousand cultures, 
and has found it extremely satisfactory in all respects. 


Significance of Polar Bodies. 


Although the presence of polar bodies is an aid to diagnosis yet, as 
has already been stated (p. 143), many diphtheria bacilli show none, 
and even when well developed their presence does not indicate that the 
organisms are virulent (p.197). Further, several other species of bacilli 
resembling diphtheria bacilli also develop well-marked polar bodies 
within the usual limits of time in which cultures are examined. 
Hofmann’s bacillus as a general rule in young cultures has no polar 
bodies, but in a few instances inconspicuous polar bodies few in 
number may be seen. In older cultures of this organism polar 
bodies are not infrequently seen. The polar bodies in these cases 
are generally, however, not so distinct, nor so dark, nor as uniform 
in size as those of the diphtheria bacillus. This fact is of importance 
when an examination of a culture 36 or more hours old is being made. 

22-2 


340 Bacteriological Diagnosis 


The Recognition of Diphtheria Bacilli. 


The purpose for which the examination is made to some extent 
determines the time which can be devoted by the observer to the 
recognition of the bacilli. Bacteriological examinations may be under- 
taken for the following purposes :—(1) routine examinations for the 
diagnosis of diphtheria; (2) for the discovery of infected contacts ; 
(3) for the release of convalescents and infected contacts from quaran- 
tine; (4) for the diagnosis of doubtful diphtheritic lesions in other 
situations than the throat and nose; (5) for proving the relationship 
of diphtheria and diphtheria-like bacilli to various morbid processes ; 
(6) for obtaining statistics on the distribution of diphtheria bacilli 
amongst the normal population. 

(1) In routine examinations undertaken for the purpose of giving 
opinions on the nature of cases clinically resembling diphtheria a 
diagnosis is expected in the majority of instances within 12 or 18 
hours. The morphology and staining reactions together with the 
characters of the young colonies are the only features on which an 
opinion as to the nature of the organisms can be formed. The observer 
has therefore to rely on the results of his previous experience, since to 
be of any practical value the opinion of the bacteriologist cannot await 
the preparation of pure cultures and the injection of animals. Of the 
nature of bacilli which exhibit the typical characters of diphtheria 
bacilli there can be little doubt, but organisms will occasionally be met 
with which differ from the usual types in some particulars, and which 
have not been previously encountered by the observer. Under these 
conditions, wherever possible, a definite answer should be delayed, and 
the organisms subcultured so that their characters may be noted when 
not influenced by the presence of contaminating organisms. A longer 
delay will seldom be possible, and a diagnosis must be given on the 
data which have been obtained. It remains, however, for the bacterio- 
logist to prove for his own benefit whether the opinion given was 
correct, by obtaining pure cultures and testing the principal cultural 
characters of the organism as well as its effect on animals. Unless 
such methods are adopted errors of judgment can only be perpetuated, 
and the opinion of the observer, however large his experience, will be 
of no value in doubtful cases. In the case of certain institutions and 
especially of private schools an opinion should be delayed when doubt- 
ful organisms are found in a primary case of supposed diphtheria. A 
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positive diagnosis of diphtheria not infrequently involves the owners in 
considerable pecuniary loss, and the patient can generally be isolated 
until certain characters of the bacilli have been tested. Unless the 
cultures are very greatly contaminated a pure culture can generally 
be obtained and its action on glucose broth tested within three or four 
days. 

In the writer’s experience bacilli which to some extent resemble 
diphtheria bacilli, but do not form acid in glucose broth, are not patho- 
genic to guinea pigs, and are therefore probably incapable of causing 
diphtheria in man. This experience is in complete agreement with 
that of Cobbett and many other observers. On the other hand bacilli 
which do form acid and grow in the typical manner of diphtheria 
bacilli in broth, and which are derived from persons suffering from 
lesions in any way resembling diphtheria, usually prove to be virulent 
diphtheria bacilli. In conclusion it may be said without hesitation 
“that when once one has become fully acquainted with the range of 
its variation it is fairly easy to recognise the diphtheria bacillus and 
distinguish it from all others,” but “the eye cannot be sufficiently 
trained for this purpose unless the observer frequently tests the 
opinions he forms on morphological grounds by isolating his cultures, 
and testing them in various ways, including the injection of animals” 
(Cobbett, 1v., 1901, p. 236). 

(2) The examination of contacts should be carried out with the 
same precautions, and in their case it is almost always possible to delay 
a definite opinion, until at least the action of pure cultures of doubtful 
bacilli on glucose media has been determined. Here again much in- 
convenience and even pecuniary loss may be caused by hasty opinions, 
which are subsequently proved to be erroneous. The value of a further 
period of incubation for negative cultures and subsequent second 
examinations in these cases has already been pointed out. 

(3) The examination of convalescent cases of diphtheria and of 
infected contacts for the purpose of deciding whether the diphtheria 
bacilli have disappeared, or not, is during the earlier stages usually 
an easy matter, as the organisms are frequently abundant. In the 
later stages, however, when the bacilli are beginning to disappear a 
negative verdict should not be given until the culture has been 
thoroughly examined after a further period of incubation, and doubt- 
ful bacilli, as in all other cases, should be carefully tested. As 
long ago as 1895 Ohlmacher (2. U1. 95) pointed out that diphtheria 
bacilli may sometimes be missed in cultures from convalescents unless 
they are incubated for longer than the usual time. 
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(4) The examinations of discharges from the female genital organs, 
ears, ulcers, abscesses, etc., and of skin lesions}, and also of milk and 
various other materials, for the presence of diphtheria bacilli are 
rendered difficult by the fact that in all these situations innocuous 
diphtheria-like bacilli are frequently present, which are in no way 
related to the disease. In such examinations, therefore, no final 
opinion should be given until the identity of the organisms has been 
thoroughly proved, however closely they resemble diphtheria bacilli. 

(5) Mention must also be made of a class of investigation which 
aims at proving the association of diphtheria or diphtheria-like bacilli 
with certain morbid processes, not generally recognised as being related 
to diphtheria. It would seem scarcely necessary to point out that the 
bacilli should be tested in every possible way, including the effect of 
animal inoculations. Nevertheless many hasty generalisations, which 
if adopted would have the most far reaching consequences, have been 
based on morphology alone. To those who have any acquaintance 
with bacteriology the worthless nature of such observations is obvious, 
but they are apt to mislead a large number of persons who have no 
practical acquaintance with the subject, but are willing to place reliance 
on the conclusions of bacteriologists. 

(6) Another class of observations to which attention has to be 
directed is that which deals with the presence or absence of diph- 
theria bacilli in the mouths of perfectly healthy persons, who have 
not recently had an opportunity of acquiring diphtheria bacilli by 
contact. It has already been pointed out (p. 189) that, if these 
observations are to form a basis for general arguments, all possible 
recent contacts must be excluded. Further, the animal inoculation 
test must be applied to all organisms which the observer considers 
to be diphtheria bacilli, since it has been shown that almost all the 
so-called diphtheria bacilli which have been found amongst these 
persons have been devoid of virulence. Whether the non-virulent 
diphtheria bacillus will ultimately be proved a distinct species from 
the virulent, as some observers think, or not, there is some evidence 
to show that the former is not capable of giving rise to diphtheria in 
man. Any arguments, based on the prevalence of diphtheria bacilli 
amongst the normal population and the transmission of the disease 
by this means, ought to take these facts into account. Many of the 
observers have, however, not tested the pathogenic properties of the 
bacilli they have found, or only have tested a small percentage of them, 


1 The characters of some of the organisms found in these situations are given in the 
following pages. 
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but in many instances they have assumed that all morphologically 
typical diphtheria bacilli must be potential carriers of the disease. 

One of the latest and most extended investigations which have been 
carried out on the occurrence of diphtheria bacilli in well-persons is that 
of the Massachusetts Association of Boards of Health (1902). The 
several collaborators were requested to detail the various bacilli according 
to Wesbrook’s types, and also to state in each case whether or not a 
positive diagnosis of the presence of diphtheria bacilli had been made. 
The different collaborators held divergent views as to which of the 
various types should be considered as true diphtheria bacilli, and in 
this investigation only a small proportion was tested for virulence. 
This report gives a good example of the unsatisfactory confusion to 
which a lack of thorough testing can lead. 

In Providence (Report, footnote, p. 24), on the basis of the 
Committee’s belief that A, C, and D of Wesbrook’s types should 
be considered chiefly, or solely, important, there would be °43 % of 
positives (i.e. cultures in which diphtheria bacilli were present). If 
all granular, or barred forms, but not the solid forms, be included, as 
Prof. Gorham of Providence states, there would be 3% of positives. 
If all be included there would be 25 /. The number actually reported 
positive (i.e., diphtheria bacilli present) makes about 9 7. 

In Washington the positives formed ‘9 7% on the Committee’s stan- 
dard, but 22 / were reported positive. In Boston on the Committee’s 
standard 3:02 / were positive, but only 1// was so reported. 

The whole question of the recognition of diphtheria bacilli may be 
summed up in a few words. 

In the practical diagnosis of diphtheria it must be assumed that 
organisms morphologically resembling diphtheria bacilli are true diph- 
theria bacilli, for the opinion of the bacteriologist to be of any practical 
value cannot await the preparation of pure cultures and the injection 
of animals; but if far reaching deductions are to be drawn from the 
observations the testing of the organisms found is essential, especially 
if the deductions are to be made the bases on which epidemics of 
diphtheria are to be combated by bacteriological means. 

Apparently in consequence of omitting to verify their diagnoses by 
isolating and testing doubtful organisms, very divergent views are held 
even at the present day by various observers as to which of the various 
types of organisms should be considered dangerous, This unsatisfactory 
confusion renders many of the investigations untrustworthy, and can 
only lead to the discredit of the bacteriological diagnosis of diphtheria. 
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The diphtheroid organisms met with in cultures are either diph- 
theria bacilli (virulent or non-virulent) or they are not diphtheria 
bacilli. By means of cultural tests and animal experiments it is 
generally easy to distinguish between these groups; and even on 
morphology alone it is usually not difficult to give an accurate 
opinion, provided that the observer has systematically identified the 
organisms he has previously met with. It is therefore the duty of 
every bacteriologist who has to deal with this disease to make himself 
acquainted with the range in variation of the diphtheria bacillus and 
the organisms which resemble it, and to verify his diagnosis by every 
means in his power. By the adoption of these means alone can the 
opinions, which he gives on the examinations of his cultures, be of 
any value. It cannot be too often repeated that the examination 
merely of large numbers without proper controlling tests and without 
a knowledge of the origin of the cultures cannot be of service in the 
formation of trustworthy opinions. 


Methods of obtaining Pure Cultures. 


From the majority of original cultures it is easy to obtain pure 
cultures in one or two generations. The simplest method is to touch 
a suspected colony with the point of a sterilised platinum needle and 
immediately inoculate a tube of sterile salt solution (7 /). In order 
to ascertain whether the type of bacillus, which it is desired to 
investigate has been sown in the salt solution, a smear is made from 
the needle on a cover-glass immediately after the former has been 
removed from the salt solution and before it has been sterilised, A 
minute drop from the salt solution tube is inoculated by means of a 
sterile platinum loop onto the surface of another serum tube. After 
incubation well separated colonies develop. Should the culture thus 
obtained be found by microscopic examination to contain colonies of 
other organisms besides those which are under investigation, the same 
procedure is repeated and a pure culture is obtained. 

If the colonies on the original culture are very minute and the 
culture is not greatly crowded with contaminating colonies, further 
incubation adds to the growth of the separate colonies, and a pure 
culture can be obtained with greater ease. From very crowded cultures 
with minute colonies the first subculture is certain to be impure, but 
a pure culture can generally be obtained in two generations. 

More difficulty is experienced when only one or two colonies of 
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doubtful organisms are present amongst many other colonies which 
resemble them. In this case several salt solution tubes may be in- 
oculated from difficult colonies, and numbered. Before sterilising the 
needle on each occasion a streak is made on a cover-glass. The streak 
corresponding to the first tube should run along one side of the cover- 
glass and the other streaks should be made in order at right angles to 
it, beginning on the left. There are then on one cover-glass several 
streaks from different colonies, corresponding to the salt solution tubes 
which have been sown from these colonies, arranged as shown in the 


following figure: 
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If the cover-glass is now stained and mounted it can readily be seen 
by noting the number of the streak, which shows the desired organisms, 
which salt solution tube must be used for subcultivation. 

Various other methods, such as plating on agar, etc., may also be 
used for obtaining pure cultures. 


The Distinguishing Cultural Characters of the Diphtheria Bacillus. 


The principal cultural character, which distinguishes the diphtheria 
from the Hofmann’s bacillus, is the formation of acid by the former in 
media containing glucose as opposed to the alkaline reaction produced 
by the latter. Abundant acid production also distinguishes the diph- 
theria from the xerosis bacillus, which produces, according to some 
observers, a slight amount of acid, according to others, none. 

Certain other diphtheroid organisms also produce acid, but differ 
from the diphtheria bacillus in other respects, as in the appearance of 
their colonies and their rate of growth on various media. 

Both the diphtheria and the Hofmann’s bacillus produce an invisible 
or almost invisible growth on potato, while many of the diphtheria-like 
organisms produce abundant, and frequently coloured, growths. 
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The peculiar granular deposit together with the lack of clouding in 
broth cultures distinguishes the diphtheria bacillus from the Hofmann’s 
bacillus, which produces more growth and some clouding, and from some 
of the other diphtheroid bacilli which produce very different growths. 
Neither the diphtheria bacillus nor the Hofmann’s bacillus produces 
pigmented colonies on any media except serum, and even on this 
medium a yellowish coloration of the colonies is the only evidence of 
pigment production. Some diphtheria-like organisms liquefy gelatin. 

So far as the writer's experience goes all organisms which produce 
an alkaline reaction to litmus in glucose broth are found to be non- 
pathogenic. 


The Distinguishing Pathogenic Properties of the Diphtheria Bacillus. 


The virulent diphtheria bacillus when inoculated in pure culture 
under the skin of the guinea-pig produces certain well-marked lesions, 
namely a small necrotic area at the site of injection, gelatinous sub- 
cutaneous oedema, intense congestion of the suprarenals and frequently 
clear yellow pleuritic effusion (p. 173). The simultaneous injection 
of antitoxin together with the culture protects the animal from the 
effects of the bacillus. 

Less virulent diphtheria bacilli or smaller doses produce only 
oedema from which the animals recover, and these effects are also 
counteracted by antitoxin. 

Experimental animals which recover either with or without the aid 
of antitoxin frequently suffer from paralysis. 

Since some of the diphtheria-like organisms kill the inoculated 
animals by a septicaemic process (antitoxin either producing no effect 
or hastening death), autopsies on the experimental animals ought 
never to be omitted. 


The Methods of recording the Morphological Appearances of 
Diphtheria Bacilli. 


For recording the morphological appearances of diphtheroid bacilli 
met with in cultures Wesbrook’s classification may be conveniently 
used. It must, however, be borne in mind that by this means a 
general idea of the morphological appearance of an organism alone 
is given, but no proof that it bears any relationship to the diphtheria 
bacillus. In most cases it is found that the majority of organisms 
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composing a colony are of one type, but others belonging to one of 
the other types also occur. In recording the morphology of a pure 
culture or colony the general appearance conveyed to the eye is 
usually of more importance than a minute analysis of the slight 
variations from the general type, which may be found by diligent 
search. The method of growth of diphtheria and allied bacilli, and 
the different ages of the individuals comprising the colony, make it 
certain that a variety of individuals will be found. Nevertheless any 
pure culture has a characteristic general appearance, and most of the 
individuals belong to one type. Consequently in describing a culture 
it is the general character which it is important to convey. 


Uncommon Diphtheritic Lesions, and the Diphtheria-like 
Bacilli found in Various Situations. 


In the following pages are given a number of instances of 
diphtheritic lesions in unusual situations, and the characters of 
diphtheria-like organisms which have been found in these situations, 


The mouth. 


Diphtheritic lesions of the mouth are usually either confined to 
the neighbourhood of the tonsils, or are most marked there, and spread 
to other situations. Some of the more remarkable examples of diph- 
theritic lesions affecting other portions of the buccal cavity are quoted 
below: 

Stomatitis. Councilman, Mallory, and Pearce (1900) observed 
general stomatitis due to diphtheria bacilli in five cases. Tongue. 
Membrane on the tongue due to virulent diphtheria bacilli has been 
noted by Wharton (1895). Trevelyan (1900), Thiercelin (1890), and 
Salmon (1904) have also observed membranous lesions on the tongue 
associated with diphtheria bacilli. In Salmon’s case membranes were 
also present on the lips, palate, cheek, vulva, vagina, and rectum. 
Animal inoculations do not appear to have been made in these cases. 
Lips. Trevelyan (1900) recounts a case of diphtheria of the inner 
surfaces of the upper and lower lips. Long diphtheria bacilli were 
found, but their virulence was not determined. Flexner and Pease 
(1895) quote two remarkable examples of diphtheria of the lips and 
gums first noticed at autopsies. “The appearances of the membrane in 
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one and the exudate in the other case were in no way typical of diph- 
theria, and the cases obtain an additional interest from the fact that 
during life the patients presented no symptoms referable to the presence 
of the Loeffler’s bacillus. No other forms of diphtheria existed in the 
body so far as could be determined.” In both cases the organisms were 
morphologically and culturally typical, but only caused a well-marked 
local reaction in guinea-pigs. 

In the case of a patient suffering from diphtheria, who developed 
herpes labialis on the 9th day, Tez (1895) found virulent diphtheria 
bacilli in the vesicles. Cancrwm oris. Several cases of cancrum oris 
associated with the presence of the diphtheria bacillus have been 
described. Freymouth and Petruschky (1898) observed two cases, 
Councilman, Mallory and Pearce (1900) two cases and Walsh (1903) 
eight cases. The first mentioned observers isolated the bacilli and 
found them to be in each case non-pathogenic for guinea-pigs in doses 
of 2 ce. 


PLATE XIV. 


Fig. 1. Photograph of a smear preparation stained with Loeffler’s methylene blue of 
B. coryzae segmentosus, grown on serum for 18 hours at 37°C. x 1000. (From Gordon, 
1903, Plate VIII, fig. 9.) (See p. 361.) 

Fig. 2. Photograph of a smear preparation stained with Loeffler’s methylene blue of a 
chromogenic organism from the eye, grown on serum for 18 hours at 37°C. x 1000. 
(From Gordon, 1903, Plate VIII, fig. 7.) (See organism No, 22, p. 366.) 

Fig. 3. Photograph of a smear preparation stained with carbol-fuchsin and Neisser’s 
method of a streptothrix obtained from the throat of a diphtheria patient. One day 
agar culture grown at 37°C. x 1000. (From Gordon, 1903, Plate XI, fig. 17) (p. 357). 

Fig. 4. Fusiform bacilli and spirilla in a smear preparation stained by Giemsa’s method 
made directly onto a cover-glass from a case of Vincent’s angina, Drawn with the 
aid of a camera lucida (Orig.). Zeiss #4,, Oc. 4. 

Fig. 5. Photograph of a smear preparation stained with carbol-fuchsin of a pure culture 
of the fusiform bacillus grown five days anaerobically in dextrose-free broth. x 1200. 
(From Weaver and Tunnicliff, 1905, Plate XVI, fig. 1.) 

Fig. 6. Photograph of a smear preparation stained with carbol-fuchsin of a pure culture 
of the fusiform bacillus grown for three days anaerobically on an ascites agar slant. 
x 1000. (From Weaver and Tunnicliff, 1905, Plate XVI, fig. 2.) 


Diphtheria-like organisms from the throat. 


A considerable number of organisms have been isolated from 
the throat which, although they resemble the diphtheria bacillus in 
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morphology, differ from it in certain of their characters. The true 
diphtheria bacillus is characterised by its: 

(1) Macroscopic growth on serum and morphology, (2) power of 
producing acid in glucose broth, (3) invisible growth on potato, and 
(4) the lesions produced in inoculated guinea-pigs. 

The diphtheroid organisms are here classified according to the 
number of points in which they differ from the diphtheria bacillus. 


A. Microorganisms resembling the diphtheria bacillus in all the main 
characters except virulence. 


Under this heading might be included the non-virulent diphtheria 
bacillus. 


11 Bacillus maculatus. (Plate XV, fig. 5.) 

Origin. One colony found in a culture from the throat of a possible contact. 

On serum in 24 hours the colonies are opaque white, but otherwise resemble 
those of the diphtheria bacillus.. The organisms are longer and broader than 
diphtheria bacilli, but some short forms occur. The sides in some have slight 
bulgings at intervals. Numerous darkly stained segments cross the bacillus 
transversely in most of the organisms, but in a few there are oval segments. In 
some bacilli, especially in the later subcultures, long unstained intervals are 
seen. The organisms are non-motile, and retain Gram’s stain very deeply. Each 
bacillus shows numerous polar bodies by Neisser’s method ; some of these are large 
and round, others elongated transversely across the bacillus, whilst others are very 
minute. These minute polar bodies are often very densely aggregated. The name 
indicates the remarkable spotted appearance seen when the organisms are stained by 
Neisser’s method. 

In the first culture the organisms lay in tangled masses of 10—50 individuals. 
On agar in 24 hours minute, round, transparent colonies are formed which 
subsequently grow very slowly. The organisms are about one-third the length 
of those found on serum cultures and of various shapes, from oval to bloated pear- 
shaped bodies. The polar bodies are few. On the surface of agar stab cultures an 
almost transparent film is formed, but in the depth medium-sized yellowish colonies 
grow. On gelatin after 10 days’ growth the colonies are so minute as to be scarcely 
visible with a lens. Exceedingly minute colonies also form in the depth of gelatin 
stab cultures. On potato there is no visible growth. Broth remains clear, but a few 
large, discrete, yellow granules (0°5 cm. in diameter) are seen after 48 hours. 
The reaction of glucose broth becomes very faintly acid. Milk remains unchanged 
and no indol is formed. The organisms are non-pathogenic when injected either 
subcutaneously or intraperitoneally into guinea-pigs. 

This organism differs from the diphtheria bacillus slightly in its morphology, its 
growth on gelatin, and in the very large size of the granules formed in broth, 
and the degree of acid formation in glucose broth. 


1 For the sake of reference the organisms described in the following pages are 
consecutively numbered. 
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B. Organisms mainly differing from the diphtheria bacillus in their 
macroscopic growth on serum and in lack of virulence. 


Gordon (1903, p. 429) describes two species of bacilli of this kind. 

2. After 18 hours’ incubation a good growth was obtained on serwm, but so 
coherent that to obtain a microscopical view of the individuals it was necessary to 
separate the growth by crushing between cover-glasses. Morphologically the bacilli 
are short and stout and resemble Hofmann’s bacillus, retain Gram’s stain and have 
well developed polar bodies at each end. On agar dry, white, circular, raised 
coherent colonies are formed. On gelatin there is no growth. Broth remains 
clear with coherent masses at the bottom. Glucose broth becomes acid. Milk is not 
changed. The organism is non-pathogenic. 

3. After 18 hours’ growth on serwm, gray sharply outlined coherent colonies 
are formed. The organisms are curved and have swollen ends and occasional 
branching forms are encountered. There is however much variation in size and 
shape, some of the organisms being oval and some resembling mycelial threads. 
Loeffler’s methylene blue stains them irregularly and they retain Gram’s stain, but 
show no polar bodies by Neisser’s method. There is no growth on gelatin. In 
broth coherent masses form at the bottom and glucose broth becomes acid. Milk 
becomes acid and by the 9th day is firmly clotted. Non-pathogenic. 


C. Microorganisms which resemble the diphtheria bacillus in all their main characters 
except virulence, but liquefy gelatin and cause clotting in milk. 


4. Gordon (1903, p. 431, No. 10). 

Origin. Obtained from four patients suffering from diphtheria. 

On serum after 18 hours moist raised gray colonies are produced. The organisms 
show great variations in size and shape, varying from oval to pear-shaped. Some 
very closely resemble diphtheria bacilli. Most stain evenly and deeply, but some 
show unstained portions and granules. Polar bodies are seen in many when stained 
by Neisser’s method. They retain Gram’s stain. On agar round, granular, raised 
colonies are formed which adhere to the medium and the organisms mostly 
resemble cocci, but some diphtheria-like forms occur. Glucose broth becomes acid. 
On gelatin there is a slight raised growth, and after 10 days’ growth the medium 
begins to be liquefied. Js becomes acid and on the 6th day is firmly clotted. 
Non-pathogenic. 


D. Microorganisms mainly differing from the diphtheria bacillus in their 
growth on potato and in their lack of virulence. 


5. Bacillus diphtheroides citreus. (Plate XV, fig. 3.) Graham-Smith (1904). 

Origin. Obtained from the throats of five healthy children, two attending 
infected, and three non-infected schools. 

On serum in 24 hours the colonies closely resemble those of the diphtheria 
bacillus, but are rather larger and more opaque. After three days’ growth they 
become slightly yellowish. The organisms are fairly long and stain darkly, in 
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shape resembling Hofmann’s bacilli, but with little trace of a median band. 
The majority are slightly curved, and show small terminal polar bodies, though in 
some of the larger forms they are very large and distinct. They are non-motile, and 
retain Gram’s stain. In 48 hours’ subcultures a number of long forms with three or 
four well-marked segments and distinct polar bodies occur. On agar in 24 hours 
large, white, round, smooth, moist, dome-shaped colonies are formed. The 
organisms are the same in appearance as on serum, but the polar bodies are better 
marked. In agar stab cultures, a flat, thick, moist, white surface growth with 
indented edges is formed. The indentations are very evident after 48 hours’ growth. 
Along the needle track the growth is well marked. No growth was obtained 
on gelatin. On potato in 24 hours a very extensive pale yellow moist growth occurs. 
The organisms are mostly short, but a number of markedly clubbed and segmented 
(up to six or eight segments) forms are found. All show large and distinct polar 
bodies. Broth after 48 hours is clear with white rather stringy deposit. In glucose 
broth the deposit is copious and occurs in the form of large white flocculent masses 
which tend to stick to the sides. The reaction is very acid. Non-pathogenic. 

This organism differs slightly from the diphtheria bacillus in morphology though 
somewhat resembling the uniformly staining type (Plate VI, fig. 6), and also differs 
in its growth on broth and potato. It is from its marked growth on the latter 
that the name has been given. It resembles the organism next described very 
closely, except in its growth on gelatin, potato, broth and glucose broth. It 
may be the same organism as that described by Abbott (1891). 

6. Bacillus diphtheroides brevis. (Plate XV, fig. 4.) Graham-Smith (1904). 

Origin. Obtained from a large abscess cavity opening into the mouth. 

The colonies on serwm in 24 hours are small, smooth, and white, but not so well 
raised as those of the diphtheria bacillus. Subsequently they develop somewhat 
filmy edges. The organisms in shape resemble Hofmann’s bacilli, but are slightly 
curved and clubbed and show segmentation. The segments stain darkly, but the 
intervening bands except the middle one are not very definitely marked. They are 
non-motile, retain Gram’s stain, and show polar bodies by Neisser’s method. 
In subsequent subcultures segmentation is a marked feature. On agar stroke 
cultures an abundant, white, soft, slimy growth is produced in 24 hours. The 
organisms are long, well curved, clubbed and segmented, and show good polar bodies 
resembling the diphtheria bacillus shown in Plate VI, fig. 4. Agar stab cultures 
show abundant white slimy surface growth which frequently becomes after further 
growth coarsely granular. A confluent, abundant growth occurs along the needle 
track with numerous projecting colonies. On gelatin in three days, medium-sized, 
round, smooth, dry-looking colonies with raised centres develop. On gelatin 
stab cultures a large, white, dry, granular surface growth is formed, and small round 
colonies develop in the needle track. On potato in 24 hours an. extensive growth, 
thick, soft, and cream-coloured, is formed which gradually becomes granular and 
slightly yellowish. The organisms vary in appearance, some are short, but many 
long and well segmented with good polar bodies. In 48 hours broth becomes slightly 
cloudy and there is a fine whitish granular deposit. The reaction of glucose broth 
is extremely acid. Mk becomes partially coagulated in a few days and indol 
is produced. It is non-pathogenic. 

This organism differs from the diphtheria bacillus in its growth on agar and 
potato, and somewhat in its morphology. 


352 Bacteriological Diagnosis 


7. Origin. Obtained from the throat of a healthy child. (Graham-Smith, 
unpublished.) 

After 18 hours’ growth the colonies or serwm are large, smooth, moist and yellow. 
The organisms are of medium length, slightly curved and have a central light band. 
In some the ends are oval or club-shaped, in others pointed. All are characterised 
by having an enormous polar body at each end. On agar minute, round, flat, delicate 
slightly granular, gray colonies are formed and the bacilli are segmented and exactly 
resemble diphtheria bacilli. Broth cultures show a thick adherent film and a yellow 
stringy deposit, and the fluid is slightly clouded. Glucose broth becomes acid. 
A good growth of small moist white colonies occurs on gelatin. After 24 hours 
there is a slightly raised yellowish growth on potato which in a few days becomes 
very abundant, dry and yellow. Non-pathogenic. 

8. Origin. Obtained from a case of diphtheria. 

On serum an abundant creamy growth occurs which later becomes yellow. After 
18 hours’ growth the organisms appear as short wedge-shaped and swollen rods, 
which do not show granules by Neisser’s method. On glycerine agar and potato an 
abundant yellow growth occurs. Broth is made acid. Non-pathogenic. (Hamilton, 
1904, No. 10.) 

9. Origin. From the throat of a patient suffering from diphtheria. 

On serum produces a moist colourless growth, on which medium the organisms 
appear as slender, barred and uniformly stained rods. They show no granules by 
Neisser’s stain. On glycerine agar there is abundant growth and the agar turns 
brown. On potato an abundant gray shining growth is produced. Broth becomes 
cloudy and finally acid. Non-pathogenic. (Hamilton, 1904, No. 15.) 

Eyre and Flashman (1904, p. 1109) isolated from the throat of an insane patient, 
a bacillus corresponding in all respects to an organism previously found by the 
former (1900) in milk, named “Diphtheroid No. 1.” (See p. 329.) 


E. Organisms differing from the diphtheria bacillus in all their main 
characters except morphology. 


10. Origin. Obtained from the throat of a healthy child. (Graham-Smith, 
unpublished.) 

After 24 hours’ incubation the colonies on serwm are still very small, but after 
48 hours they become large and show a well raised, granular, irregular, opaque centre 
surrounded by a large, thin, granular zone with irregular margin. The bacilli are 
long and curved and occasionally clubbed and many show several bands. Terminal 
polar bodies are well marked. Although any single organism is indistinguishable 
from the diphtheria bacillus, masses are occasionally seen with the bacilli lying in 
parallel rows unlike diphtheria bacilli. On agar round, white, smooth, moist raised 
colonies are produced. There is no growth on gelatin. Broth cultures show a 
marked surface film of scale-like detached pieces, and a deposit of large flocculent 
granules, The fluid remains clear. In glucose broth no acid is formed. On potato 
there is a slight yellowish growth, and many of the organisms are markedly curved 
and show numerous segments. Non-pathogenic. 

11. Origin. From the throat of a scarlet-fever patient. 

On serwm an abundant colourless growth is produced. After 18 hours’ growth 
the organisms appear as slender, solid and long granular rods, and after further 
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growth are like typical diphtheria bacilli. On glycerine agar and potato abundant 
colourless growth is produced. Broth becomes cloudy and remains neutral. Non- 
pathogenic. (Hamilton, 1904, No. 4.) 


F. Organisms differing from the diphtheria bacillus in most of their main 
characters except morphology, and capable of liquefying serum and 
gelatin. 


12. Bacillus diphtheroides liquefaciens. (Plate XV, fig. 6.) (Graham-Smith, 1904.) 

Origin. Found in considerable numbers in the mouth of a patient suspected to 
be suffering from diphtheria. 

On serum minute rounded colonies are formed in 24 hours, but in 48 hours they 
are medium-sized, round, slightly yellowish, dome-shaped and opaque. After 
10 days’ growth the colonies have sunk into slight pits, and the medium become 
partially liquefied after being kept 20—30 days at room temperature. The 
organisms are very long, and markedly curved, and lie in groups more or less 
parallel to one another. There is very little clubbing, and but slight signs of 
segmentation, but all show well marked terminal and other polar bodies. Some 
specimens remain as unstained shadows. They are motile, but the movements 
are slow, and they retain Gram’s stain. These organisms bear a fairly close 
resemblance to the diphtheria bacilli shown in Plate VI, fig. 5. On agar stroke 
cultures in 24 hours a thick, moist, smooth, slightly yellow, abundant growth 
is formed. The appearance of the organisms is the same as on serum. On the 
surface of agar stab cultures an extensive moist smooth growth occurs, which 
occasionally in old cultures shows concentric markings. In the depth the colonies 
run together to form a continuous growth. Some of the discrete colonies at the edges 
are rounded, but have blunt projections. On gelatin very minute, almost transparent 
colonies are formed. The medium becomes liquefied round them in about 10 days. 
In a few days liquefaction is complete with a whitish-yellow mass lying in clear 
fluid. On gelatin stabs in 3 days the small yellowish surface growth is lying in a 
small cup-shaped area of liquefaction. In 11 days there is a deep funnel-shaped 
hollow with yellowish growth at the bottom and very minute colonies along the 
lower part of the needle track. On potato in 3 days a thin extensive white growth 
is formed, which in 6 days is very abundant and yellow. The organisms are 
of medium length, markedly curved, thin and stain uniformly. Many are clubbed 
and the polar bodies are very minute. Broth in 48 hours is slightly cloudy, with a 
large deposit of finely granular matter. In 48 hours the reaction of glucose broth is 
neutral or faintly alkaline. In 6—8 days litmus milk is decolorised and firmly 
clotted. No gas is produced, but much indol is formed and nitrates reduced. It is 
non-pathogenic. 

G. Chromogenic organisms. 


13. Origin. From the throats of two cases of scarlet fever. 

On serwm there is an abundant growth which liquefies the medium. The bacilli 
are short solid rods with a few small granules, but show no granules by Neisser’s 
method. On agar an abundant green growth is formed and the agar turns purple. 
On potato a brownish growth is formed. Broth becomes cloudy and acid. Non- 
pathogenic. (Hamilton, 1904, Nos. 16 and 17.) 


N. D, 20 
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H. Diphtheria-like bacilli virulent to animals. 


14. Davis (1899) isolated from the mouth in certain cases of scarlet fever a short 
diphtheria-like non-motile bacillus, which in doses of 2 c.c. injected subcutaneously 
produced a general septicaemia and peritonitis in guinea-pigs without oedema or 
congestion at the site of inoculation. Guinea-pigs which received antitoxin died 
more quickly than those which did not. The organism does not form a toxin. 
“ Morphologically, it bears a striking resemblance to the diphtheria bacillus. It is 
polymorphic, sometimes short, rather evenly stained, while the individuals lie 
in parallel lines ; at other times it is long, lies irregularly, and gives the broken stain 
typical of B. diphtheriae.” It stains by Neisser’s and Gram’s methods. On serum 
and broth the growth is like that of the diphtheria bacillus. On agar it produced 
colonies with dark centres and uneven edges, and an acid reaction in glucose broth. 
A. Williams (1898) also seems to have isolated the same species from a patient who 
had suffered from diphtheria six weeks before. 

15. Ruediger (1903) has recently described an organism which he calls a 
virulent pseudo-diphtheria bacillus. 

Seven strains of this organism were isolated from seven fatal cases of scarlet 
fever with gangrenous tonsilitis. Diphtheria antitoxin had no influence on the 
patients, and in fact in two cases its injection appeared to hasten death. The 
bacillus is described as resembling the true diphtheria bacillus in morphology, 
causing “uniform turbidity in broth, a soft, moist, and whitish growth on agar, 
a hardy light brown growth on potato, and turning litmus mk white in 5—6 days.” 
Apparently all strains showed polar bodies by Neisser’s method, and were 
agglutinated in dilutions of 1 in 200 by the serum of a rabbit which had received 
three injections of 24 hour broth cultures of strain No. 5. “Guinea-pigs are 
not protected against this organism by anti-diphtheria serum. All seven strains 
are pathogenic for guinea-pigs after having been kept on agar for several months, 
when injected intraperitoneally in doses of 4 to 5 cc.” At the autopsies “the 
Serous cavities contained a moderate quantity of fluid. The liver, spleen, and 
kidneys were markedly congested. The organisms could be isolated from the 
peritoneal cavity, heart’s blood, and internal organs.” A protective serum for 
guinea-pigs against injections of living cultures was obtained from a rabbit. 

Hamilton (1904) continued Ruediger’s investigations and obtained several other 
examples of this organism!. In testing for virulence she used intraperitoneal 


* On some occasions the cultures of these organisms appear only to have been obtained 
with difficulty. Hamilton describes her method of securing cultures in the following words: 
“It happened several times that serum cultures 24—48 hours old, from a throat the smears 
from which had shown the presence of suspicious bacilli, would fail to show anything but 
cocci, and the cultures would then be rejected. Happening to re-examine such a culture 
after seven days, I found it full of slender straight and curved rods with bipolar granules. 
After that the cultures were made on glycerin agar as well as on serum, and, in case 
bacilli were found on neither, a loopful of the serum culture was transferred to a tube of 
broth, and from this tube a loopful to the water of condensation at the bottom of a tube 
of glycerin agar, and the tube tipped to allow the water to run over the inclined surface of 
the agar. From such a culture colonies of bacilli could usually be obtained, and, in case 
of failure, the original serum culture was allowed to stand at room temperature for four or 
five days, and the procedure repeated. By this means it was found possible to isolate 
bacilli in all cases in which the original smears had shown their presence.” 
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injections of broth cultures in doses equal to 1 °/p of the body weight of the guinea- 
pigs. In further experiments the dose was diminished according to results. 
The animals died within 18 to 24 hours, and the following changes were found 
at the autopsy. “The peritoneum contained a large quantity of clear, reddish fluid, 
the liver and kidneys were much congested, the latter often dripping blood on 
section. The spleen was unchanged, and there was no change in the adrenals. The 
bacilli could be isolated from the peritoneal and pleural fluids, the blood, the urine, 
and all the organs, and from the subcutaneous tissue in a few cases. When 
a bacillus has proved virulent to guinea-pigs two further experiments were made 
with it. A dose of diphtheria antitoxin, sufficient to protect against a lethal dose of 
diphtheria bacilli, was given to one guinea-pig together with the ascertained lethal 
dose of the organism in question. At the same time a second guinea-pig was given 
a lethal dose of the organism, and also a sufficient quantity of the serum of 
a rabbit immunised against Ruediger’s bacillus to protect against a lethal dose 
of the latter.” “The experiments show that diphtheria antitoxin has no power 
to protect against these organisms and in some cases even seemed to hasten death 
and Ruediger’s serum has no power to protect against diphtheria bacilli.” 

Apparently at least two distinct species of organisms whose pathogenic 
properties are neutralised by Ruediger’s serum were isolated, one from an ear 
discharge (see No. 29). 

Of the first species seven examples were obtained from various lesions of 
the mouth some of which were diagnosed clinically as diphtheria. After 18 hours’ 
growth on serum five are described as short, and two as like typical diphtheria 
bacilli. Four showed polar granules by Neisser’s method. Most of them gave 
abundant growths on all media, but in the case of one the growths were scanty. 
All except one produced acid in broth, and in most the medium remained clear. In 
all cases animals were protected by Ruediger’s serum, but not by diphtheria 
antitoxin. 

Hamilton and Horton (1906) made further investigations on this group of 
organisms. They found that all their strains of typical diphtheria bacilli 
haemolysed rabbits’ corpuscles, while all their typical pseudo-diphtheria bacilli did 
not. Only two out of 18 strains of virulent diphtheria-like bacilli, whose effects 
were not neutralised by antitoxin, haemolysed the corpuscles. Their most interesting 
observations are on the specific bacteriolysins produced in the blood of rabbits 
immunised against these bacilli. One of these strains was injected subcutaneously 
into rabbits at 7 day intervals beginning with a dose of 1 ¢.c., and finally reaching 
12c.c. The method of testing the bactericidal action was as follows—five tubes 
were used : 


No. 1 contained 1 ¢.c. of plain broth. 


No. 2 ‘8 c.c. of broth and ‘2 ¢.c. of normal serum. 
No. 3 ‘5 0 C.C; af ets . 
No. 4 + *8-C.c. B ‘2 c.c. of immune serum. 
No. 5 5 9 C.c. 3 EL Ce. > 


After inoculation with the same quantity of culture these tubes were incubated 
and plates poured after 4, 6, 20 and 24 hours. 
23—2 
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The following table, illustrating one of their experiments, shows that the serum 
of the immunised animals exerted a powerful bactericidal action on these races 
of bacilli, but had no effect on diphtheria or Hofmann’s bacilli. 


Table showing the effect of normal rabbit serum and the serum of rabbits immunised | 
with virulent pseudo-diphtheria bacilli upon these organisms, diphtheria bacillr 
and Hofmann’s bacilli. 


Normal rabbit serum Immune rabbit serum 


- 
Serum 0:2 


Serum 01 Serum 0'1 Serum 0°05 


Serum 0°2 Control 
Broth 0°8 Broth 0°9 Broth 0°8 Broth 0°9 Broth 0°95 Broth 1 c.c. 
Bacilli 6hrs. 24hrs. 6hrs. 24hrs. 6hrs. 24hrs. 6hrs. 24hrs. 6hrs. 24hrs. 6hrs, 24 hrs. 
1Bacillus No. 1 6000 ow 6000 ow 0 1 27 35 50 496 o@ foo) 
3 No. 2 4224 o@ 5000 o@ 24 1 34 6 26 0 4000 om 
He No. 3 400 7000 200 7100 25 700 8 600 30 330 560 6000 
» No.4 2000 wo 2510 0 0 200 One - 8000 
Diphtheria bacillus 1 23. @ 21 @ 10 o) 37 e) - - 17 
" ns 570 3223 110 1616 800 3440 750 38880 850 4160 100 440 
Diphtheria-like bacillus 1760 o - - 1840 o - - - - 1600 
2Hofmann’s bacilli? 1 560 — 600 840 720 440 2000 1000 —- = 4500 10000 
600 ow 400 ow 350 ow 350 ow 480 ow 8000 ow 
800 @ 8000 ow 8000 ow 8000 ow 8000 ow 750 ow 
1440 o@ 880 (oa) 1280 (oa) 720 - - 2000 ow 


They observed that the bactericidal substance was very stable resisting the 
action of age, light, drying and heat (80—90°C.) to an unusual degree. 
active principle is removed by filtration through porcelain. 


The 


They also note 


that the immune serum contains an agglutinin, and that phagocytosis plays an 
important réle in the protection of guinea-pigs against these bacilli. 

As the result of their experiments they conclude that “the bacilli described form - 
a distinct group from B. diphtheriae on the one hand, and other pseudo-diphtheria 
bacilli on the other. The distinction lies in the fact that goats and rabbits, 
immunised against one member of this group, yield serum which is bactericidal to 
other members of the group, but not to B. diphtheriae or other pseudo-diphtheria 
bacilli, and which contains opsonin specific for members of this group.” 

16. Hamilton (1904) also obtained another species of virulent diphtheria-like 
bacillus from one case diagnosed as diphtheria and two cases of measles. This 
organism killed guinea-pigs in the same manner as those just described, but 
the animals could be protected either by diphtheria antitoxin or Ruediger’s 
serum. 

After 18 hours’ growth most of the organisms are short, but long and barred 
forms occur in some cultures. No granules are shown by Neisser’s method. They 


1 Bacilli Nos. 1 and 2 were isolated by Ruediger from the throats of scarlet-fever 
patients, No. 3 by Hamilton from the throat of a patient suffering from laryngitis, and 
No, 4 from the urine of a searlet-fever patient. 

* These organisms are described as ‘‘ ordinary pseudo-diphtheria bacilli,” but are not 
otherwise defined. They were derived from cases of otitis media, conjunctivitis, and two 
cases of scarlatinal sore throat. 
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produce abundant white or yellowish growths on all media, and gas in glucose agar. 
Broth is made cloudy and in some cases becomes acid. 


I. Streptothrices resembling diphtheria bacilli. 


17. Gordon (1903, No. 10) (Plate XIV, fig. 3) describes a streptothrix whose 
broken fragments closely resemble diphtheria bacilli, being slightly curved, showing 
polar granules, and retaining Gram’s stain. This organism does not grow on serwm 
but produces a good growth of raised, granular, well defined colonies on agar, which 
adhere to the medium. On gelatin a gray, slightly raised growth is produced 
which becomes wrinkled transversely, and begins to liquefy the medium on the 
14th day. A faint turbidity and a slight sediment are produced in broth, and 
glucose broth is made acid. Milk is not altered. Non-pathogenic. 

18. This organism was found very abundantly in the throat of a child 
suffering from a slight sore throat, and was at first mistaken for a diphtheria 
bacillus by an experienced bacteriologist. (Graham-Smith, unpublished.) The 
majority of forms met with in microscopic preparations are almost indistinguish- 
able from diphtheria bacilli, being curved, slightly clubbed, and segmented 
and show well marked polar bodies. Small masses are, however, occasionally 
seen in which long thread-like forms are encountered, many times the length 
of the bacillary forms. These threads are arranged in interlaced masses, and each 
thread shows numerous polar bodies at intervals corresponding to the length of 
the bacillary forms. Branching specimens are occasionally seen. On agar the 
majority of specimens are exactly like diphtheria bacilli, but long thread-like forms 
are commoner than on serum. On potato most of the organisms are short, 
stain poorly, and are much swollen at one or both ends. Long filaments with 
swollen ends are occasionally encountered. Growth on Loeffler’s medium or Cobbett’s 
modification of Lorrain-Smith’s medium is poor, but the organism grows well 
on solidified calf’s serum. The colonies are just visible after 24 hours’ incubation, 
and after three days’ growth have attained the size of small diphtheria colonies. 
The smaller colonies are round but the large ones are somewhat irregular in outline, 
and the surface in all is slightly wrinkled and granular. The colonies adhere to 
the surface and can seldom be removed without taking up some of the medium. 
On agar after three days’ incubation the colonies are white, granular, dry looking 
and raised above the surface. Their edges are extremely irregular and deeply 
indented, and the growth adheres firmly to the surface. No growth occurs on 
gelatin. Broth remains clear without any surface film, and a coarse granular 
deposit forms on the sides and bottom. A small amount of acid is formed in 
glucose broth. On potato the growth is invisible. The organism is non-pathogenic 
to guinea-pigs when injected in large doses either subcutaneously or intraperitoneally. 

The bacillary forms of Streptococcus scarlatinae may so closely resemble diphtheria 
bacilli as to cause difficulty in diagnosis. (Gordon, 1900-1, Case VII. p, 365.) 


Diphtheria of the nose. 


That diphtheria may affect the nose has been well known for a long 
time. The disease may be confined to the nose, or the throat and nose 
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may be attacked at the same time. It is also well recognised that 
nasal diphtheria may vary greatly in the severity of its manifestations, 
not infrequently being of so mild a nature as to be mistaken for a 
mild catarrh. Several instances of cases of this nature giving rise to 
severe faucial diphtheria have already been quoted (p. 310), and further 
statistics need scarcely be given. There are, however, some mani- 
festations of nasal diphtheria which require special mention, namely 
(a) chronic fibrinous rhinitis, and some forms of (b) atrophic and 
(c) external rhinitis. 


(a) Fibrinous rhinitis. 

The name chronic membranous or fibrinous rhinitis has been 
applied to a certain class of cases of diphtheria in which the disease 
principally or solely affects the nasal mucous membrane, and is 
attended by little or no constitutional disturbance. Some writers 
have claimed that virulent diphtheria is seldom contracted from contact 
with a case of fibrinous rhinitis, but that on the other hand a case 
of fibrinous rhinitis has not infrequently been observed to give rise 
to another of the same kind. 

Lieven (1891) indeed reported a case from which he obtained an 
organism that when introduced into the noses of other children by 
means of tampons caused a similar condition in them. Some obser- 
vations on this point have already been quoted (p. 311). As it has 
been suggested that the diphtheria bacillus concerned in these cases may 
have a lower degree of virulence than usual, the observations of those — 
workers who have investigated this question have been brought to- 
gether in the following table. This table, however, in which all those 
bacilli which killed the inoculated guinea-pigs within five days have 
been considered as virulent, shows that decrease in virulence is not 
of common occurrence in this form of the disease, and consequently all 
cases of fibrinous rhinitis must be considered to be capable of commu- 
nicating diphtheritic infection. 

Lack (1899, p. 13) made the following experiment with a bacillus 
derived from a case of fibrinous rhinitis. “A large rabbit was tracheo- 
tomised and the tracheal mucous membrane rubbed with a pure culture 
of the bacillus. The animal died on the third day. The whole neck 
and a portion of the thorax was extremely oedematous with small 
scattered haemorrhages, and there was a membranous exudation lining 
the whole trachea and extending down to the bronchi.” He further 
observed that powerful toxins were produced. 
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No. of cases Virulent Cine Attenuated diph- 
Observer investigated theria bacilli theria bacilli 
Pluder (1896) 6 3 3? 
Lack (1898) 23 23 0 
Neumann (1902) pe 6 1 
Ravenel (1895) 7 6 1 
Gerber and Podack (1895) 5 5 0 
Stamm (1891) 4 4 0 
Pugh (1902) 4 4 0 
Townsend (quoted by Welch, 1894) 4 4 0 
Wolff (1899) 4 4 0 
Park (1892) 4 2 2 
Morf (1899) 3 3 0 
Abbott (1893) 3 2 1 
Baginsky (1892) 2 2 0 
Concetti (1892) 2 2 0 
Dowson (1895) 2 2 0 
Cobbett (1901) 1 1 0 
Reichenbach (1900) t 1 0 
Abel (1894) 1 1 0 
Moller (1902) 1 1 0 
84 76 (90°4 9/5) 8 (9°5 9/5) 


In consequence of the common occurrence of diphtheria bacilli in 
fibrinous rhinitis all such cases must be considered to be diphtheritic 
until the contrary has been proved. Nevertheless all membranous 
conditions of the nose are not due to the presence of diphtheria 
bacilli, since in a certain proportion this organism cannot be demon- 
strated. Gerber (1905) in an investigation of 40 cases only found 
diphtheria bacilli in 29 (72'5 7%), and Meyer (1896) found them in 13 
(59 Z) out of 22 cases. The latter observer could find no clinical 
difference between cases due to diphtheria bacilli and cases due to 
other organisms. Ravenel (1895) in his extensive investigations had 
previously arrived at the same conclusion. Some of the latter cases 
are apparently caused by staphylococci or streptococci, and a few by 
pneumococci (Moller, 1902, Abel, 1892). 


(b) Atrophic rhinitis. 


Symes (1903) has recently, observed diphtheria bacilli in 20 (87 7%) 
out of 23 cases of atrophic rhinitis; 17 being described as long, and 
three as short diphtheria bacilli. Morphology in culture was princi- 
pally relied on. The ages of his patients varied between 9 and 57, 
and the mean duration of the symptoms was seven years. In one case 
the condition had been present for 45 years. He examined also a 
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series of noses of healthy children and adults, but found in them no 
long diphtheria bacilli. A second control series of noses consisting 
of cases of ozaena, congenital and acquired syphilis, rhinitis sicca, 
and lesions other than atrophic rhinitis showed no diphtheria bacilli. 
Two out of the 17 long diphtheria bacilli found were tested for virulence, 
and both were found to be virulent. The author does not mention the 
reaction of the organisms in glucose media, and appears not to dis- 
tinguish sharply between the diphtheria and Hofmann’s bacillus, saying 
that among the normal noses in 58% “a short diphtheria-like or 
pseudo-diphtheria type of bacillus was present in the nose.” 


(c) Haternal rhinitis. 


Todd (1898) observed 51 (14 %) cases of rhinitis subsequent to 
scarlet fever amongst 365 patients at the London Fever Hospital. The 
early symptoms are redness at the margin of one or both nostrils. 
Later the redness increases and the surface becomes raw and granular, 
and crusts are formed on the surface, which may remain from one to 
five weeks. Pustules were frequently formed on other portions of the 
body from contact with the discharge. In all 51 cases diphtheria 
bacilli were found together with staphylococci. None of these cases 
developed faucial diphtheria although three cases showed diphtheria 
bacilli in the throat. Pure cultures of the bacilli produced acid from 
glucose and behaved in all ways like diphtheria bacilli, Out of seven 
strains injected into guinea-pigs in doses of 1 c.c. six caused death within 
60 hours, and one on the ninth day. Two strains injected in doses of ‘2 
and ‘1 cc. respectively did not kill the animals. Two control animals 
inoculated with virulent cultures together with antitoxin were not 
affected. Diphtheria bacilli were also found in the secondary pustules, 
The author differentiates between the diphtheria and Hofmann’s 
bacillus. 

Williams (1901) also calls attention to the occurrence of diphtheria 
and diphtheria-like bacilli in both clear and thick nasal discharges 
associated with scarlet fever. Out of 141 cases of post-scarlatinal 
rhinorrhoea examined, 57 showed bacilli morphologically resembling 
diphtheria bacilli. Of the 17 strains which he isolated and tested 11 
formed acid in sugar broth, but eight of these 11 were totally non- 
pathogenic while the other three killed the inoculated animals within 
24 hours. Control animals treated with antitoxin lived. Six produced 
no growth in sugar broth. Of these one was pathogenic and five non- 


G. S. GRAHAM-SMITH 361 


pathogenic. Symes (1895) in a case of similar nature of seven weeks 
duration also found virulent diphtheria bacilli. Marsden (1901) observed 
diphtheria bacilli in the nasal discharges of 10 children with slight post- 
scarlatinal rhinitis. No virulence tests are reported. 

The formation of membrane after operations on the nose and tonsils 
or after the application of the cautery appears to be not very un- 
common. Observers, who have investigated these conditions, have 
seldom noticed the presence of diphtheria bacilli. 


Diphtheria-like bacilli from the nose. 


Cautley (1896) has described an organism which he has named the 
Bacillus coryzae segmentosus, obtained from the nasal secretion of seven 
out of eight cases of “influenza cold.” Gordon (1903) and Benham 
(1906) have also isolated this organism and supplemented Cautley’s 
account of it. According to the latter observer this organism is very 
frequently present in nasal catarrh. He found it in 25 out of 27 
cases investigated. Prosser White (unpublished observation quoted 
by Benham) found it in 17 out of 21 cases. The writer has also 
observed this organism in nasal secretions and the following account 
is partly based on these observations : 


19. Bacillus coryzae segmentosus, Cautley. (Plate XIV, fig. 1.) 

On serwm grows more slowly than the diphtheria bacillus, though the colonies 
are very similar in appearance. Organisms in 24 hours resemble Hofmann’s 
bacilli with light median bands, but are longer. A considerable number of long 
forms resembling uniformly stained diphtheria bacilli (Plate XIV, fig. 1) are also 
found. They are non-motile, retain Gram’s stain, and show small terminal polar 
bodies in most specimens. In subcultures many long segmented forms are seen, 
with two to four well stained segments, as well as shorter Hofmann-like forms. On 
agar in 48 hours round, smooth, white, raised colonies are formed. The organisms 
are long, well segmented, curved and clubbed, and but few short forms occur. Polar 
bodies are only found in afew. They resemble closely the diphtheria bacillus shown 
in Plate VI, fig. 3. In agar stab cultures in 24 hours a small, white, round, smooth 
surface growth is formed, which is very extensive after 48 hours. There is well 
marked growth in the depth. On gelatin at 22° C. small, round, white colonies are 
produced. On potato an almost invisible thin whitish growth is formed. Broth 
remains clear, and a stringy white deposit is found at the bottom of the tube. 
Glucose broth in 48 hours is very faintly acid. Benham found that it also produced 
acid from lactose, maltose and saccharose. According to the writer’s observations 
(1906) acid is produced from glucose, galactose and laevulose, but not from maltose, 
dextrin, glycerine, lactose, mannite or saccharose after 10 days’ growth in the serum 
medium of Hiss. J/i/k in some cases is made acid and clotted. Non-pathogenic. 
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20. De Simoni. (1898) isolated from the nasal secretion of a case of ozaena, a 
diphtheria-like bacillus 2—4 in length. The organism is generally straight, but is 
sometimes slightly curved. The ends are rounded and one is generally thicker than 
the other, and the organism is distinctly segmented. Colonies on agar resemble 
those of the diphtheria bacillus. Broth becomes clouded and a slight surface 
growth and granular deposit are formed, and the medium becomes acid. The 
organism grows well on serum, forming large moist white colonies which coalesce, 
but no growth occurs on gelatin. Milk is not coagulated and on potato growth 
occurs as a delicate moist broad layer. In mk and on potato rounded spores 
are formed in the middle of the bacilli. The organism is non-pathogenic. This 
author (1899) has also described two other species of bacilli from the nose, 
which, however, do not resemble the diphtheria bacillus very closely in morphology. 


Diphtheria of the eye. 


Some observers consider diphtheria of the conjunctiva to be a fairly 
common disease, especially amongst the children in large towns. Burton 
(1899) and Stephenson (1900) both consider that about 2 / of all cases 
of ophthalmia in children treated in the Children’s Hospitals are diph- 
theritic, and Gonin (1899) found diphtheria bacilli in seven out of 365 
cases of conjunctivitis which he examined bacteriologically. On the 
other hand many other writers think that diphtheria of the con- 
junctiva is very rare. Pollock (1905), for example, states that 
“true diphtheria of the conjunctiva is a very rare condition in this 
country.” The presence of virulent diphtheria bacilli in cases of con- 
junctivitis has been proved by several investigators, but their records 
are not sufficiently numerous to base statistics of the incidence of 
the disease on them. On the other hand many instances have been 
recorded of the finding of diphtheria bacilli in cases of conjunctivitis 
without sufficient proof of the identity of the organisms. Inoculation 
experiments are especially necessary in establishing the identity of 
diphtheria-like bacilli derived from the conjunctiva owing to the 
frequent occurrence in this situation of the Xerosis bacillus, which in 
morphology closely resembles the diphtheria bacillus. 

Jessop (1895) was the first observer in England to record the 
occurrence of virulent diphtheria bacilli in a case of membranous 
conjunctivitis. He subsequently (1902) proved the presence of 
virulent bacilli in three other cases. Morax (1895) has recorded 
virulent diphtheria bacilli in four cases, Uhthoff (1901) in two, and 
Gordon (1903), Griffith (1901), Eyre (1897), and Guder (1895) in one 
each. Pilcher (1897) observed diphtheria bacilli in 10 cases, and was 
able to produce diphtheria of the injured conjunctiva in rabbits and 


PLATE XVI 


DIPHTHERIA-LIKE BACILLI FROM SERUM CULTURES. 


Fig. 1. Fig. 2. 
Bacillus xerosis. Bacillus xerosis canis. 
First culture 30 hours. First culture 48 hours. 


Fig. 3. Fig. 4. 
Bacillus auris, Bacillus ceruminis. 
First culture 48 hours. First culture 30 hours. 


Fig. 5. Fig. 6. 
Bacillus diphtheroides gallinarum. Bacillus No, 45, p. 381. 
First culture 24 hours. 


[From Graham-Smith, Journ, of Hygiene, Vol. tv. 1904.) 
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guinea-pigs, with the bacilli derived from some of these. On the other 
hand Kasatan (1903), Schanz (1897), Moritz (1895) and others have 
isolated acid-forming but non-virulent diphtheria-like bacilli from 
similar cases. 


Diphtheria-like bacilli from the eye. 


21. The Xerosis bacillus. (Plate XVI, fig. 1 and Plate IX, figs. 7 and 8.) 

The term Xerosis bacillus has been used not only to denote the organism 
described below which is found both in the healthy and diseased conjunctiva, but 
has been applied also by some writers to the non-virulent, but otherwise typical 
diphtheria bacillus. This fact has led to some confusion in the writings on the 
subject. 

As in the case of the Hofmann’s bacillus opinions differ as to the relationship 
existing between the Xerosis bacillus and the diphtheria bacillus. While some hold 
that the two organisms belong to distinct species, others consider that the Xerosis 
bacillus is merely an attenuated diphtheria bacillus. Some have asserted that 
the Xerosis bacillus is capable of giving rise to various lesions of the con- 
junctiva, and others have denied that it possesses any pathogenic power. 

In the following pages the characters and distribution of the Xerosis bacillus are 
first considered, later evidence for and against its pathogenic powers, and finally its 
relationship to the diphtheria bacillus. 

The Xerosis bacillus on young serum cultures closely resembles in morphology 
the diphtheria bacillus. The bacilli are long, usually curved, and definitely broader 
at one or both ends than in the middle, and the majority show well marked 
segments, often very regularly arranged. Preparations made from cultures show 
the bacilli arranged in the same way as diphtheria bacilli, and Hill has 
pointed out that they belong to his “snapping” group and undergo the same 
post-fission movements as diphtheria bacilli. Denny (1903) has studied their 
morphology after various periods of growth, and remarks that after 8—12 hours’ 
incubation the organisms stain uniformly and resemble Hofmann’s bacilli. After 15 
hours they are longer and show signs of segmentation, while after 24 hours they are 
still longer and the segmentation is more marked. After 36 hours segmentation is 
very well marked and the organisms are yet longer. While some observers state 
that they show polar granules by Neisser’s method others state that they do not. 
This is probably due to the fact that polar bodies are not commonly found in many 
individuals in the original cultures, but are more common in subcultures. They are 
non-motile and retain Gram’s stain. All observers agree that they grow more 
slowly on serum than do diphtheria bacilli. After 24 hours’ incubation the 
colonies are still very minute, and even after 48 hours are smaller than those of 
young diphtheria bacilli. At this time the colonies are rounded, rather flattened, 
and have a dry, scaly appearance, and a gray colour. They further differ from the 
colonies of the diphtheria bacillus in adhering firmly to the surface of the medium. 
The edges of the colonies are uneven and the irregularity becomes more marked 
after further growth. 

On agar minute, raised, round, smooth, almost transparent colonies make their 
appearance in 48 hours, which adhere closely to the medium. In agar stabs the 
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surface growth is small and almost transparent, and very minute colonies are seen 
along the line of puncture. On this medium the organisms are broader than on 
serum, well segmented, but show no polar bodies. On gelatin a few strains 
only show any growth as very minute, round and transparent colonies. On potato 
growth occurs as an invisible film. Broth remains clear and growth occurs in the 
form of large or small granules which are found at the bottom of the tube. There 
is no surface growth. According to most observers there is no acid production in 
glucose broth. Knapp (1904) studied the action of 10 strains of this organism on 
1 °/) solutions of various sugars in the serum medium of Hiss, and stated that they 
produced acid with dextrose, mannite, and saccharose, but not with dextrin. 

Benham (1906) on the other hand states that it does not produce acid with 
glucose, lactose, saccharose or maltose. 

According to the majority of observers it is entirely non-pathogenic to animals, 
but a few have stated that subcutaneous injection gives rise to a slight oedema, 
The Xerosis bacillus therefore differs from the diphtheria bacillus in the rate of 
growth, and in the appearance of its colonies on serum. It also differs in producing 
little or no acid in glucose broth, and in its entire lack of virulence. 


The Xerosis bacillus was first discovered by Kuschbert and Neisser 
(1884) in Xerosis of the conjunctiva, and received its name from that 
disease. Subsequent observers have frequently found it in this disease. 
Stephenson (1898) examined clinically 6209 London school children 
and found that 1°87 ys were suffering from Xerosis, and remarks that 
he has never failed to find the Xerosis bacillus in this condition. It 
has also been recorded in conjunctivitis of every description. Pollock 
(1905) observed “that colonies of the Xerosis bacillus were almost 
invariably present in culture tubes taken from muco-purulent con- 
junctivitis,’ and Griffith (1901) found it in 17 out of 20 cases of 
follicular conjunctivitis and in six out of 12 cases of slight conjunctivitis. 
It has also been recorded by various observers in true and chronic 
trachoma and several other conditions. Deyl (1893) isolated it in 15 
cases of chalazion formation and considered it the cause of the disease, 
and stated that he had produced such formations in the eyes of animals 
by inoculation of the bacillus. 

Although Franke (1893), Eyre and others have failed to find this 
organism in the normal conjunctiva there is ample evidence from the 
experiments of recent observers that it is frequently present. 

Griffith (1901) found it very frequently, stating that from one loop 
passed over the conjunctiva 30 to 100 colonies were commonly obtained 
on serum cultures and once over 200 colonies grew. He concludes by 
observing that “the organism known as the Xerosis bacillus is the most 
common inhabitant of the conjunctival sac.” Coppez (1899) states that 
it is an organism commonly found in the secretions of the eye, and 
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Lawson (1898) considers it to be “the most common and most universal 
inhabitant of the conjunctival sac.” Heimersdorff (1898), Stephenson 
(1898), Fraenkel (1897) and Uhthoff (1896) also found it very fre- 
quently. The relative frequency of the occurrence of the Xerosis 
bacillus in the normal conjunctiva has been the subject of very few 
observations. Griffith (1901) in 210 examinations found it 120 
(571%) times, Lawson (1899) in 200 examinations 118 (59 /) times, 
and McKee (1906) in 140 examinations 42 (30 /) times. The 
writer has observed it in almost all the normal eyes he has ex- 
amined. 

The experimental evidence, as far as it goes, is entirely against the 
pathogenicity of this organism both towards men and the lower 
animals. 

Piltz (1890), Braunschweig (1890), Fraenkel and Franke (1887), 
Lachowiez and others have inoculated the organism into the human 
conjunctiva without setting up any disease. 

Stephenson (1898) made three sets of experiments on the human 
eye: “First, attempts to set up Xerosis in the second eye of a patient 
with one eye already affected, morsels of greasy material from the con- 
junctiva being used for the purpose; second, attempts to produce 
Xerosis in the eye of a second person by conveying to it some of the 
frothy material obtained from another subject; and third, attempts to 
set up the condition by inoculating healthy conjunctivae with pure 
cultures of Xerosis bacilli.” All these experiments were without result. 
Many attempts have been made by numerous investigators to produce 
lesions in the eyes of animals with pure cultures of this organism, 
obtained from the normal and also from the inflamed eye, but all have 
failed. The methods employed have been inoculation onto the surface 
and under the conjunctiva and into the anterior chamber of the eye in 
dogs, rabbits, guinea-pigs and mice. Intravenous, intraperitoneal and 
subcutaneous inoculations even in large doses also produce little, if any, 
effect on the ordinary laboratory animals. The exceptional observation 
of Dey] (1893) has already been quoted (p. 364). 

Owing to its general resemblance both in morphology and culture 
to the diphtheria bacillus, the Xerosis bacillus has been regarded by 
some observers as being a diphtheria bacillus which has lost its viru- 
lence, and it has even been suggested that the Xerosis bacillus may 
after passing down the ducts into the buccal cavity become under 
unknown conditions a true virulent diphtheria bacillus—Schanz (1894). 

No experimental proof, however, of the relationship of the Xerosis to 
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the diphtheria bacillus has been brought forward, and those! who have 
specially studied the former organism within recent years have almost 
without exception taken the view that the two organisms are distinct 
species. 


Other diphtheria-like organisms from the eye. 


22. Gordon (1904) obtained from a case of conjunctivitis a non-virulent organism 
identical with the diphtheria bacillus in morphology and staining properties. 
(Plate XIV, fig. 2.) On serum it formed lemon yellow colonies and on agar a dry 
growth and yellow pigmentation. On gelatin the growth resembled that of the 
diphtheria bacillus, but was yellow. Glucose broth became acid. In broth no 
turbidity was caused and growth occurred as conglomerate crumbs. 

Griffith (1901) from his observations on the bacteriology of the conjunctiva 
considered that it would be possible “to separate from the eye a complete series 
of bacilli beginning with the short regular form not producing acid in glucose 
and non-virulent and ending with the typical diphtheria bacillus pathogenic to 
guinea-pigs.” 

He describes in detail three diphtheria-like organisms, not including the Xerosis 
bacillus, all of which are non-pathogenic. 

23, 24. Two of these three resemble the Xerosis bacillus closely in all respects, 
the first (No. IT.) differing mainly in producing a light brown growth on serum and 
the second (No. IV.) (probably a non-virulent diphtheria bacillus) in producing 
yellowish colonies on agar, and acid in broth lactose and glucose broth. 

The third diphtheroid organism (No. V.) differs considerably. 

25. Morphologically it is a short oval bacillus with a central unstained interval, 
showing polar bodies, retaining Gram’s stain and producing “irregular soft opaque 
white colonies on serum, and white opaque spherical colonies on agar. Gelatin 
stroke cultures show a raised, opaque, porcelain, white, coarsely granular growth 
with lateral expansions. Broth becomes slightly tinted and has a white deposit. 
Lactose broth becomes slightly and glucose broth strongly acid. A little zndol 
is produced but no gas. Milk becomes acid but is not coagulated. On potato a 
dry yellowish white growth occurs. Non-pathogenic. 


Diphtheria of the ear. 


Various lesions of the ear due to the presence of the diphtheria 
bacillus have been reported, and several of these reports are accom- 
panied by satisfactory bacteriological evidence. Although the occasional 
presence of the true diphtheria bacillus in the ear discharges of patients 
suffering from diphtheria and others has been fully established, the 


1 Peters (1897), Eyre (1897), Stephenson (1898), Heimersdorff (1898), Franke (1898), 
Axenfeld (1898), Lawson (1899), Griffith (1901), Gordon (1903). Schanz (1899) regards 
it as a non-virulent diphtheria bacillus, 
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frequency of its occurrence in these conditions is unknown. Many of 
the bacteriological reports are unsatisfactory, depending either on a 
few cultural characters, or on morphology alone, and several of them 
probably refer to other organisms. 

Newsholme (1904) cultivated diphtheria bacilli from the ear dis- 
charges of a contact and two convalescents. In one instance the 
organism was tested and found to. be virulent. Graham-Smith 
(1904) has observed altogether three instances of otorrhoea associated 
with fully virulent diphtheria bacilli. In one instance the bacilli 
persisted for 66 days and were virulent when tested on the 53rd day. 
Gordon (1903) once isolated virulent diphtheria bacilli from an ear 
discharge. In another case he discovered an organism which differed 
slightly in cultural characters and was non-virulent. Williams (1901) 
examined 62 ear discharges of scarlet-fever patients and discovered 
diphtheria-like bacilli in eight. Of these four were carefully tested, and 
all formed acid in sugar broth, but produced no effects on inoculated 
animals. Grixoni (1896) found non-virulent diphtheria-like organisms 
in a case of violent inflammation of the auditory meatus, and Schilling 
(1904) observed diphtheria-like bacilli in an ear discharge, which were 
apparently non-pathogenic to guinea-pigs. 

Tobey (1906) obtained from the middle ear a diphtheria bacillus 
which produced acid with dextrose, but not with lactose or mannite. 
2 c.c, of a broth culture injected subcutaneously caused an abscess in a 
guinea-pig. 

Biernacki and Heanley (1906) investigated 24 cases of ear discharge 
in diphtheria patients. In 20 cases diphtheria bacilli were found. Of 
the four strains tested for virulence one was virulent and three non- 
virulent. 


Table showing the virulence of diphtheria bacilli found in ear discharges. 


Cases Bacilli Bacilli 
Observers examined virulent non-virulent 

Graham-Smith (1904) 3 3 0 
Newsholme (1904) 1 1 
Gordon (1903) 2 1 1 
Biernacki and Heanley (1906) 4 1 3 
Schilling (1904) 1 0 1 
Williams (1901) 4 0 4 
Grixoni (1896) iL 0 1 
Tobey (1906) al 0 1 

17 6 11 
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Diphtheria bacilli have also been reported without any remarks on 
their pathogenic properties by the following observers: 


Scheller (1905) reports diphtheria bacilli in eight cases of post- 
diphtheritic otitis media. Funke (1901) studied the bacteriology of 
76 cases of otitis media and in six he found diphtheria bacilli, in one the 
xerosis bacillus, and in six pseudo-diphtheria bacilli He makes no 
mention of his methods, and his cases seem to have had no connection 
with diphtheria. He concludes from his observations that diphtheria 
bacilli are more commonly present in otorrhoea than is generally 
believed. Green (1901) examined bacteriologically 101 cases of acute 
suppuration of the tympanum and found diphtheria bacilli in four of 
them, twice in pure culture. This observer also investigated 144 cases 
of mastoiditis on which operations were performed, and found diphtheria 
bacilli in one instance. Councilman, Mallory and Pearce (1900) 
examined the middle ear in 144 fatal cases of diphtheria and observed 
diphtheria bacilli in 38 cases. They also cultivated diphtheria bacilli in 
one instance from an ear discharge. Wolff (1895) examined the middle 
ear in 22 fatal cases of diphtheria and found diphtheria bacilli in six. 
Councilman (1894) records the finding of diphtheria bacilli in three 
cases of otitis media, one following diphtheria, and Marsden (1901) 
in two cases following scarlet fever. Podack (1895) reported diphtheria 
bacilli in the ear discharges of two cases following measles, and Jacob 
(1905) found diphtheria bacilli both in the ear and nasal discharges of 
a child suffering from diphtheria. Leary (1897) and Kutscher (1895) 
each record one case. 


Diphtherra-like bacilli from the ear. 


Graham-Smith (1904) in the discharges from the ears of 10 scarlet-fever patients 
found on three occasions an organism resembling the diphtheria bacillus, described 
below as the Bacillus auris. From the ear discharges of three of these scarlet-fever 
cases and from the normal ears of 13 out of 20 persons working in the laboratory, 
another diphtheroid organism, Bacillus cerwminis, was isolated. Of all the ears 
examined, therefore, 66°6°/) contained diphtheroid organisms. 


26. Bacillus auris. (Plate XVI, fig. 3.) 

Origin. From the ear discharges of three scarlet-fever patients. 

On serwm the colonies closely resemble those of the diphtheria bacillus, but grow 
more slowly. After 48 hours’ growth the colonies are medium-sized. After 30 
hours’ growth the organisms are of various sizes, the majority of over medium 
length with darkly staining ends. They stain well, showing well marked segments, 
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with intervening light bands. In the longer forms several segments occur. Nearly 
all, even the shorter forms, are well curved and have a tendency to be clubbed. A 
few pear-shaped forms were met with. They are non-motile, retain the stain by 
Gram’s method, and show several well marked polar bodies by Neisser’s stain. 
In subcultures the resemblance to diphtheria bacilli is still more marked. Nearly 
all the specimens are long, well segmented, and show several good polar bodies. 
The general arrangement in the field is similar to that of the diphtheria bacillus, 
On agar slopes in 24 hours the colonies are small, round, gray and dome-shaped. 
The organisms are short, curved and clubbed with well-marked polar bodies. 
Agar stab cultures in 24 hours show a smooth, moist, white surface growth, 
and a good growth of discrete round colonies along the line of puncture. On 
gelatin stabs in three days there is an irregular, granular, white surface growth 
faintly marked by concentric rings, and good growth in the depth. On potato in 24 
hours there is a slight brownish-yellow growth, which in 48 hours becomes 
extensive, soft, yellow and glistening. The organisms are short and oval, and stain 
well with large terminal polar bodies. Broth in 48 hours is slightly cloudy with a 
white stringy deposit. In glucose broth a copious, finely granular deposit occurs, 
and the reaction is very markedly acid. J/i/ké remains unchanged. Jndol is formed. 
The organism is non-pathogenic. 

These organisms closely resemble the diphtheria bacillus in morphology and 
staining characteristics, but differ, more especially, in their growth on gelatin, 
potato, and broth. 


27. Bacillus ceruminis. (Plate XVI, fig. 4.) 

Origin. Thirteen specimens were obtained from normal ears, and three from 
the ears of scarlet-fever patients. Eleven of these were fully investigated. The 
organisms appeared to be more plentiful when ceruminous secretion was present on 
the swabs. From this circumstance the name has been given. 

On serwm in 24 hours the growth is scarcely visible, but in 48 hours small, round 
colonies, indistinguishable from those of the diphtheria bacillus, are formed. After 
72 hours the colonies are medium sized to large. ‘Two forms slightly different 
in morphology were noticed. (a) In 30 hours long, thin and curved, and uniformly 
stained, with small terminal polar bodies. In 72 hours the bacilli are longer, more 
curved, well segmented, and with well marked polar bodies. (b) Medium length, 
slightly curved, uniformly stained, but markedly clubbed, with large polar bodies in 
a few specimens. After 72 hours the appearance of the two forms is similar. 
These organisms are non-motile, and retain the stain by Gram’s method. 

On agar after 24 hours the colonies are small, round, gray, and dome-shaped, 
but later become large and white. The organisms are of medium length, curved, 
often clubbed, fairly well segmented, and show good polar bodies. On agar 
stabs a small, white, moist surface growth is present in 24 hours, which after 48 
hours’ growth is often lightly marked with concentric rings. A confluent growth 
takes place in the line of puncture. 

No growth was obtained on gelatin. On potato in 24 hours a whitish to yellowish- 
white growth occurs, later becoming abundant and yellow. After about 10 days the 
growth has a dry granular appearance. The organisms are mostly short, slightly 
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curved, and clubbed. - Broth remains clear and a small, stringy, white deposit is 
formed. Cultures of this organism in the serum medium of Hiss containing 
glucose, galactose, lactose, dextrin, laevulose, maltose, glycerine, mannite and 
saccharose form no acid even after 10 days’ cultivation. In glucose broth the 
deposit is granular and the reaction neutral or alkaline. M/k remains unchanged 
and no zndol is formed. They are non-pathogenic. 

In morphology and staining characters these organisms closely resemble the 
diphtheria bacilli shown in Plate VI, fig. 6, but differ in the rate of their growth on 
serum, their characters on agar, potato and broth, and in producing no acid in 
glucose broth and no growth on gelatin. 

“The results of these observations show that a species of non-pathogenic 
organism, almost indistinguishable from the diphtheria bacillus in morphology, 
is present in the majority of normal ears, and that another species also resembling 
the diphtheria bacillus is frequently present in the ear discharges of scarlet-fever 
patients. Consequently it seems highly probable that many of the organisms 
found in ear discharges and considered to be diphtheria bacilli, belonged to other 
species.” 

28. Hamilton (1904, No. 13) isolated from the ear discharge of a scarlet-fever 
patient an organism, which showed Neisser’s granules, and in morphology closely 
resembled the typical diphtheria bacillus. It produced an abundant creamy growth 
on serum, and liquefied the medium. On glycerine agar there was an abundant 
colourless growth, and on potato an abundant yellow growth. Broth remains 
clear and becomes acid—non-pathogenic. 

29. Hamilton (1904) also obtained a diphtheria-like bacillus in pure culture from 
the ear of a scarlet-fever convalescent who developed otitis media. After 18 hours’ 
growth on serwm short and long deeply staining forms as well as some barred and a 
few granular forms occur. The granules are well exhibited by Neisser’s method. 
Serum is rapidly liquefied, and a purple growth is produced both on agar and 
on potato. Broth becomes acid and is not rendered cloudy. Injections of pure 
cultures rapidly kill guinea-pigs. They are protected by Ruediger’s serum, but 
not by antitoxin. 

30. De Simoni (1899) isolated from the discharge in a case of chronic pustular 
otitis slightly curved bacilli with rounded ends, which showed well defined polar 
granules but did not retain Gram’s stain. In young cultures a few wedge-shaped 
forms were seen, but in old cultures they became more numerous. On serwm 
small, raised, moist, white colonies, and on agar large, white, smooth colonies are 
produced. Good growth occurs on potato. Milk becomes coagulated in six days, 
and broth becomes clouded with a flaky deposit. They produce acid from glucose 
and are non-pathogenic. 

31. Davis (1899) found in 10 out of 12 cases of otitis media following scarlet 
fever polymorphic diphtheria-like bacilli, some specimens being long and irregularly 
stained, others short and evenly stained. The organisms were non-motile and 
produced whitish colonies with uneven edges and dark centres on agar, and 
rendered glucose broth acid, and on serwm grew like the diphtheria bacillus. Sub- 
cutaneous injections of 2¢.c. of broth culture of 9 strains into guinea-pigs produced 
no effect. One strain was pathogenic (septicaemia) and the animals were not 
protected by antitoxin. 
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32. Harrison (1907) isolated a diphtheria-like bacillus from an old case of 
chronic suppuration of the middle ear. The organism stained by Gram’s method, 
showed polar bodies, and produced acid in broth. It differed from the diphtheria 
bacillus in producing a thick and creamy growth on serum, and a thick opaque 
yellow growth on agar. The agar was gradually coloured brown and eventually 
dark chocolate. 

Marzinowsky (1900) obtained a non-virulent diphtheria-like organism from ear 
wax which retained Gram’s stain, and showed polar bodies by Neisser’s method. 

Warnecke (1900) in two cases of ear disease, and Schilling (1904) in a case of 
acute otitis media, found non-virulent bacilli closely resembling diphtheria bacilli in 
other respects. 

Forbes (1903) found diphtheria-like bacilli in 32 out of 40 ear discharges, derived 
from scarlet-fever patients. He was at first inclined to think that these were 
genuine diphtheria bacilli, but after further investigation abandoned this opinion 
(1904). Eleven of these bacilli were carefully examined, and all formed acid in 
glucose broth, and the majority produced visible growths on potato. Two were 
pathogenic to guinea-pigs, but at the autopsies none of the usual signs of death 
from experimental diphtheria were observed. He concludes by stating that “the 
diphtheroid bacilli differed from each other in many ways and evidently belonged to 
several groups. These bacilli cannot at present be classified as true diphtheria 
bacilli, neither do they belong to the commonly recognised varieties of pseudo- 
diphtheria bacilli.” 

Gordon (1901) studied seven cases of scarlatinal otorrhoea and found diphtheria- 
like bacilli in five. In one of these cases a virulent diphtheria bacillus was also 
found. All the diphtheria-like bacilli were non-virulent to guinea-pigs and all 
retained Gram’s stain. Two strains caused litmus mils to become acid, while the 
other three made it alkaline. 

Hamilton (1907) has recently made extensive investigations on the diphtheria- 
like bacilli found in suppurative processes, especially otitis media, studying 52 
examples of miscellaneous suppuration and 142 of otitis media. The results are 
given in the following table :— 


No. of cases Diphtheria-like Percentage 
Disease examined bacilli found in infected 
Acute scarlatinal otitis media 43 31 72 
Chronic “ys as 53 9 5 5S | 369| 
Acute non-scarlatinal otitis media 19 4 21 0 
Chronic Pp - Ap (fil 11 15 
Miscellaneous suppurations 52 11 21 


‘ All the cases mentioned in this list as yielding diphtheria-like bacilli contained 
these bacilli as the predominating organism. Those in which only a few were found 
were ruled out as doubtful. In nine of the acute scarlatinal cases this bacillus was 
found in pure culture, in 16 more there were only a few colonies of other organisms.” 

She states that the 51 strains isolated from cases of otitis media and six from 
other lesions fall into two clearly defined groups. 

Group 1 included 40 strains, which apparently resembled Hofmann’s bacillus in 
morphology and in their growth on agar and potato. They produced acid from 
dextrose and saccharose, but not from maltose, lactose, or dextrin. Twelve strains 
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were inoculated into guinea-pigs and of these nine proved to be non-virulent. The 
other three produced septicaemia and death in 24-48 hours. The animals were not 
protected by antitoxin. 

Group 2 included 11 strains isolated from cases of otitis media. These organisms 
wexe long, segmented and clubbed and retained Gram’s stain. All produced acid 
from dextrose and maltose, most (60°/)) from dextrin, and a few (10°/)) from 
lactose. Saccharose was not fermented. Four out of seven strains killed guinea-pigs. 
In one case the control animal was protected by antitoxin. 

Hamilton says that “it is evident that there is no hard and fast line between 
this group and the true Klebs-Loeffler bacillus and when the organisms are non- 
virulent it is impossible to separate the two.” 

The serum of a rabbit immunised against one type is bacteriolytic for that type, 
but not for the other. Neither group was acted on by the serwm of a rabbit 
immunised against the ‘“ Ruediger bacillus.” 


The discovery of diphtheria-like bacilli in ear discharges has led 
several recent writers to the conclusion that true diphtheria bacilli are 
often the cause of these lesions, and that the disease is frequently spread 
by persons suffering from them. The observations which have just been 
quoted show, however, that this conclusion is not at present justified, 
since they prove that diphtheria-like bacilli of various kinds, many of 
them very closely resembling true diphtheria bacilli and some patho- 
genic for animals, are very common in these conditions, but that true 
virulent diphtheria bacilli are rare. 

In investigating these conditions it is necessary therefore to prove 
the identity of the organisms both by cultural tests and by inoculation 
experiments, including observations on control animals treated with 
antitoxin, before making a positive diagnosis of the presence of diph- 
theria bacilli. 

The results of those workers who have investigated a series of cases 
are given in the following table (p. 373). 

From this table it can be seen that diphtheria-like bacilli are 
present in at least 30°/ of ear discharges. Of the 61 strains tested on 
animals 45 (73%) proved to be non-virulent, six (10 %/) were true 
virulent diphtheria bacilli, and 11 (18 /), though pathogenic, were not 
true diphtheria bacilli. 

Further observations on this subject are required. 


Cutaneous Lesions. 


The majority of the recorded cutaneous lesions associated with the 
presence of diphtheria bacilli have occurred in persons suffering from 
diphtheria. A few instances, however, have been noted of cutaneous 
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lesions due to the presence of diphtheria bacilli, whose identity has 
been fully proved, in persons who did not harbour diphtheria bacilli in 
their throats or noses. So many lesions of the skin, associated with the 
presence of diphtheria-like bacilli, have been described that it seems 
scarcely necessary to insist that every means of identification must be 
employed before organisms, found in such situations, can be considered 
to be true diphtheria bacilli. In many of the recorded cases, however, 
very insufficient proofs of the identity of the bacilli have been given. 


Table showing the prevalence of diphtheria-like bacilli in ear discharges. 


7 2 3 5 é g 
EI = 3 23 lo 8 
‘q 2 0 2 oA a 
5 3 a's ee a z 
Oo S ag Ho I 3S 
n oo ag ioe O38 re 
= as ga ERE] Ss 4 
Observer Ss “3 ag Pay 3a iS) 
oO As O65 Hs pu <i a 
Davis (1899) 12 10 10 0 1 9 
Williams (1901) 62 8 4 0 0 4 
Gordon (1901) 7 5 5 ae 0 5 
Forbes (1903) 40 32 11 0 22 9 
Graham-Smith (1904) 13 6 6 3 0 3 
Hamilton (1904) 2 2 2 0 2 0 
Biernacki and 
Heanley (1906) 24 20 4 1 0 3 
Hamilton (1907) 142 51 19 1 6 12 
Wolff (1895) 22 6 
Councilman, Mallory 
and Pearce (1900) 144 38 
Funke (1901) 76 13 
Green (1901) 101 4 
645 195 (30°2°/,) 61 6 11 45 


Cutaneous Lestons of the Face and Neck. 


Fully virulent diphtheria bacilli have been found by Steffens (1900) 
in a case of gangrene of the eyelid, by Hala (1900) in an abscess of the 
eyelid, by Jéz (1895) in the fluid from the vesicles of herpes labialis in 
a patient suffering from diphtheria, and by Davelos (1894) in the fluid 
of impetiginous lesions covering the face and neck of a baby. 

In a number of other cases diphtheria bacilli have been described, 
without any record of their pathogenic properties. 


1 Diphtheria bacilli and diphtheria-like bacilli were present in one culture. 
2 The animals showed none of the characteristic lesions of experimental diphtheria, 
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Councilman, Mallory, and Pearce (1900) found diphtheria bacilli by 
culture in four out of 10 cervical abscesses developing in the course of 
diphtheria, and in one case of a membranous condition of the skin near 
the ear following an ear discharge. Prescott (1898) records a remarkable 
case. A child recovering from diphtheria developed a swelling in one 
of the glands in the neck, and a plaster was applied which produced a 
small blister. A false membrane later formed on the dead epidermis, and 
cultures showed diphtheria bacilli though none were present at the 
time in the nose or throat. Todd (1898) records the presence of diph- 
theria bacilli in a pustule of the face complicating diphtheria, Hayward 
(1895) in a lesion of the upper eyelid, Kanthack and White (1895) in 
membranous phagadaenic ulcers of the neck, and Kanthack and 
Stephens (1596) in several cutaneous membranous sores of the face 
and neck developing during the course of diphtheria. 


Cutaneous Lesions of the Body. 


Schottmiiller (1895) isolated non-virulent diphtheria bacilli from the 
pus of an inguinal abscess and from the throat of a boy suffering from 
diphtheria, and Waelsh (1899) describes diphtheria-like bacilli, patho- 
genic for rabbits and guinea-pigs, in a serous and pustular eruption of 
the skin of the trunk. Pitts (1897) records an instance of diphtheria of 
the umbilicus in a child 14 days old, and Caddy (1893) an instance of 
diphtheria of the nipple and areola of a woman suckling an infant, 
which shortly afterwards developed the disease. In the first case no 
animal inoculations were made, and in the second no bacteriological 
examination was undertaken. Wright (1894) found diphtheria bacilli 
in one case of fistula in ano, and Miiller (1891) in a pustule on the 
nates. 


Cutaneous Lesions of the Hands. 


Williams (1902) isolated virulent diphtheria bacilli from a membrane 
on the finger and from the throat of the same patient, and Abel (1894) 
from a lesion on the finger of a girl suffering from diphtheria. Miiller 
(1899) and Seitz (1900) have also isolated virulent diphtheria bacilli 
from lesions of the fingers. 

Heelis and Jacob (1906) found diphtheria bacilli in an ulcer on the 
dorsum of the hand. The patient later infected the outer canthus, and 
from this the disease spread to the conjunctiva. 
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A number of cases are also recorded without mention of animal 
experiments. Tavel (1902), Councilman, Mallory, and Pearce (1900), 
and Leary (1897) record one instance each, Park, Todd (1898) two 
cases, Garratt (1904), and Brunner and Hau (1900) three cases, and 
Wright (1894) seven cases. Two out of Garratt’s three cases were 
suffering from scarlet fever, but diphtheria bacilli could not be demon- 
strated in the nose or fauces. 


Cutaneous Lesions of the Lower Extremity. 


Bernard and Jacob (1903) found virulent diphtheria bacilli in gray 
ulcerating patches on the thigh of a soldier. None were discovered in 
cultures from the nose and throat. Heelis and Jacob (1906) discovered 
virulent diphtheria bacilli in two cases of ulceration of the foot, thought 
to be due to chilblains. Similar organisms, which were not tested on 
animals, were found in an ulcer of the heel. All these cases occurred at 
the same time amongst the inmates of an orphanage. Bolton and 
Brewer (1905) cultivated diphtheria bacilli from a sore, showing a black 
central scab surrounded by sloughing portions of dirty white skin, on 
the groin of a girl. No membrane was ever formed. Animal inocula- 
tions are not recorded. ‘Todd (1898) briefly records the finding of 
diphtheria bacilli in two pustules of the foot and two of the toe, com- 
plicating cases of diphtheria. 

Without mentioning the part affected the discovery of diphtheria 
bacilli in cutaneous lesions is recorded by Tavel (1903) (abscess), Schick 
and Ersettig (1903), Gordon Sharp (1898) (two cases), and by Glucks- 
mann (1897) (five cases of eczema). Leary (1896) found diphtheria 
bacilli in an abscess which developed about a hair follicle two days after 
an autopsy on a case of diphtheria. The abscess remained local, and a 
pure culture of the diphtheria bacillus was obtained from it which 
killed a guinea-pig in 48 hours. 


Wound Diphtheria. 


Several of the instances of cutaneous diphtheria, which have been 
mentioned, were due to the infection of insignificant wounds (Park, 
Pitts, Abel, etc.). Besides these a number of examples of infection of 
more extensive wounds have been recorded: Tavel (1902) mentions a 
case of infection of the operation wound for spina ventosa, Brunner 
(1893) three cases of wound infection, in one of which virulent, and in 
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the other two non-virulent, diphtheria bacilli were found, Spronck 
(1892) three examples of infection of tracheotomy wounds. Treitch 
and Abel (quoted by Flexner, 1895) and Scheller (1905) also mention 
cases of wound infection. 

It must be pointed out, however, that cases of wound infection are 
not common, and that many of the membranous conditions following 
the infection of wounds have been proved by numerous observers to be 
due to other bacteria. 


Diphtheria-like bacilli from the skin. 


Diphtheria-like bacilli have been frequently described as occurring in various 
lesions of the skin. 


A. Vaccinia and variola. 


33. Brown (1903) isolated diphtheria-like bacilli from three cases of vaccinia 
with oedema, but could not find them in uncomplicated cases. The organisms 
are curved, of irregular width, stain faintly and have rounded ends, and contain 
darkly stained rounded dots, at intervals. The arrangement of the bacilli is similar 
to that of the diphtheria bacillus. They retain Gram’s stain and show a few polar 
bodies by Neisser’s method. On agar grayish-white colonies are produced which 
coalesce after further growth. In glucose broth there is a white deposit and 
the medium remains neutral. On potato a yellowish growth occurs. No growth 
occurs on gelatin, and milk is not clotted. One of the inoculated guinea-pigs 
suffered from a small patch of oedema followed by an ulcer, but another showed no 
reaction. 

34, Nakanishi (1900) found in the pustules of vaccinia in children and calves 
an organism resembling Hofmann’s bacillus in morphology with a central light 
band and darkly staining ends, which he calls the Bacillus variabilis lymphae 
vaccinalis. On serum the colonies are pale yellow, and circular, and grow to a con- 
siderable size. On this medium some of the bacilli are short and evenly stained, 
some are spindle shaped and some segmented, and some have polar bodies. Long 
segmented bacilli are frequent and branching forms occur occasionally on agar and 
potato. Growth on gelatin is poor. Broth is at first clouded, but later becomes 
clear with a granular deposit and slight surface film. Good growth occurs in milk, 
and the medium is not coagulated. The growth on potato is poor. The organism 
is pathogenic to rabbits and guinea-pigs, in large doses intraperitoneally, but not 
to mice, 

35. De Simoni (1899) obtained from smallpox pustules bacilli which lie in 
irregular masses and show small granules in their protoplasm. They are seldom 
curved and usually have one thick rounded end and one narrower and more pointed 
end. They retain Gram’s stain, Stroke cultures on serum after 24 hours show a 
uniform, moist, lustrous, raised growth, which later becomes thicker. On agar the 
colonies tend to coalesce and produce a thick moist growth. On gelatin well 
marked growth occurs. Broth becomes clouded and has a thick flaky deposit. 
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On potato there is a thick, moist, raised, luxuriant growth. Mik is not clotted. In 
glucose broth acid is produced. Non-pathogenic. 

Besser (1893) and Sanfelice and Malato (1903) have also described diphtheroid 
organisms in variola, and the latter authors, Neisser (1888) and Laudmann (quoted 
by Galli-Valerio, 1904) in vaccinia. 

36. Galli-Valerio (1904) isolated from vaccine lymph a diphtheroid organism, 
Corynebacterium vaccinae, 2—4 p in length, which shows polar bodies by Neisser’s 
stain, but does not retain Gram’s stain. The majority stain evenly by methylene 
blue, but some show lightly stained patches, and some segmentation. The 
organism is non-motile, and is apt to be arranged in clumps. On serwm in 24 hours 
small white colonies are formed, which later become yellowish. On agar small, 
white, raised colonies surrounded by a clear zone are formed. Later the centre 
becomes prominent and the edges irregular, and the whole surface becomes covered 
with irregular bosses. On gelatin at 20°C. a similar growth is formed on the 
surface, but there is very little growth in the depth. No liquefaction occurs. On 
potato a slight grayish white growth occurs. Broth at first becomes slightly cloudy, 
but later becomes clear. A whitish surface growth and flocculent deposit are formed. 
In milk the organism grows well and the medium does not become coagulated. 
Indol is formed, but neither glucose nor lactose is fermented. Mice and rabbits 
are not affected by subcutaneous injections. One of the inoculated guinea-pigs 
developed a small abscess in which the organism was found in pure culture. 

37. Klein (1897) isolated from glycerine emulsions of smallpox crust an 
organism, which he called Bacillus xerosis variolae. The organism is rather shorter 
than the diphtheria bacillus but resembles it closely in morphology. On agar very 
minute colonies are formed which have a raised centre, irregular margin and granular 
surface. Very little growth occurs on gelatin. It is non-pathogenic to rodents and 
calves. 

38. Klein (1897) also isolated from the same material another diphtheroid 
organism which he called Bacillus albus variolae. The bacilli from early agar 
cultures are very small, but those from older cultures resemble diphtheria bacilli 
very closely. Amongst these forms a few are to be seen with a conspicuous and 
deeply stained sheath. On agar the colonies are at first small and translucent, 
but after two days’ growth become pure white, large, smooth, raised, and moist 
looking. The colonies are coherent and satisfactory microscopic preparations are 
not easy to obtain. Very little growth occurs on gelatin. It is non-pathogenic for 
rabbits and guinea-pigs, but cutaneous inoculations produce vesicular lesions in 
calves. 

39. Levy and Fickler (1900) obtained from calf lymph two varieties of a 
diphtheroid organism, which they term Corynebacterium lymphae vaccinalis. One 
variety produces a yellowish, and the other a whitish growth on Loeffler’s serum, 
On Loeffler’s serwm a thick, rough, dry growth is formed, and the organisms in young 
cultures include small wedge-shaped and longer diphtheria-like forms. On agar 
small, gray, irregular colonies with yellowish centres are produced, and a good growth 
occurs on gelatin. Broth becomes cloudy and there is a granular deposit. There is 
no growth in milk or on potato, Injections cause small abscesses in guinea-pigs and 
kill mice in 6—7 days with the formation of abscesses. 
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All the above investigators lay stress on the statement that the 
organisms they describe belong to the diphtheria group. 


B. Diphtheria-like bacilli in leprosys 


40. Babes (1899) and a number of other observers have isolated diphtheria-like 
bacilli from cases of leprosy. Babes obtained them from 12 cases, and Spronck 
(1898), Levy (1897 and 1899), Czaplewski (1898), Baranikow (1899), Teich (1899), 
and Kedrowski (1901) have all obtained cultures resembling those of Babes. The 
discovery by Dean (1905) of a diphtheroid bacillus in rats suffering from a leprosy- 
like disease is interesting in connection with these observations. (See p. 291.) 

The organisms closely resemble diphtheria bacilli in appearance, the majority 
being long and slightly curved, especially at their extremities. The longer forms 
also show transverse banding. They stain well with methylene blue, and exhibit 
metachromatic granules. Growth can be obtained on serum, glycerine agar, and 
agar, the colonies resembling those of the diphtheria bacillus. They are non- 
pathogenic to the ordinary laboratory animals, mice, guinea-pigs, rabbits and fowls. 


C. Other skin lesions. 


Peters (1897) observed non-virulent diphtheria-like bacilli in three cases of 
impetiginous eczema, Paffenholz (1895) in impetigo, Warnecke (1900) in a pro- 
gressive phlegmonous condition following an ear discharge, and Neisser (1888) in an 
ulcer of the leg. These authors regarded the organisms they found as Xerosis 
bacilli. 

De Simoni (1899) has also described diphtheria-like bacilli, apparently belonging 
to different species, in pustules, seborrhoeic eczema, dry eczema, and ringworm. 
These all formed acid from glucose, grew well on potato, and most of them caused 
clotting in milk. 

Bergey (1898) isolated non-pathogenic acid-forming diphtheria-like bacilli, having 
the same cultural characters as those he cultivated from urine (see p. 386), from 
the patches of a scaly skin eruption and from an abrasion of the knee. Cobbett 
(iv. 1901, p. 244) also mentions that he has occasionally met with diphtheroid 
bacilli from the skin. 


Diphtheria of the Female Genital Organs. 


Diphtheritic lesions of the female genital organs involving the labia, 
or vagina, or both, have frequently been recorded, but in most of these 
cases the diagnoses have been based on clinical signs alone. Many of 
these records show that diphtheria of the mouth or nose was present 
at the same time. Even in those instances in which bacteriological 
examinations have been made, the proofs are in many cases un- 
satisfactory owing to the lack of animal experiments. The following 
table summarises the principal records of cases in which bacteriological 
investigations have been conducted. 
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Cases reported showing Presence in 
Observer diphtheria bacilli throat er nose Virulence 
Schwab (1904) 2 Present 1 valent ant 
Williams (1902) 1 Present Virulent 
Miiller (1899) 1 Absent Virulent 
Freymouth & Petruschky (1898) 1 — Attenuated 


o 


Longyear (1897) Present in one — 


Salmon (1904) Present —- 
Krikson (1905) Present — 
Leick (1900) Absent — 
Coues (1897) Present 
Hewlett & Nolan (1896) Present — 
Bumm (1895) Present _ 


Glucksmann (1897) 
Favre (1890) 
Ware (1900) 
Scheller (1905) 
Elsner (1898) 
Pearce (1898) 
Williams (1898) 
Cioffi (1897) 
Haultain (1897) 
Stahl (1895) 
Nisot (1896) 


Le ee eo ee SO 
| 
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Salmon’s (1904) case is of especial interest in that patches of 
membrane were first noted on the labia minora and near the meatus, 
without local or constitutional disturbance, in a woman admitted into 
a ward in which an outbreak of diphtheria had occurred. Seven 
days later during a routine examination of healthy persons diphtheria 
bacilli were found in her throat. The following day patches of mem- 
brane were found on the tongue, lips, palate and mucous membrane of 
the cheek. The day after a dense white membrane was present on the 
rectum, vulva and vagina, which a few hours later extended to the 
cervix. At the same time an abrasion on the cheek also developed 
a membrane. The patient died 15 days after the lesions were first 
noticed. Diphtheria bacilli were cultivated from all these lesions. 

Of the cases recorded above, six occurred in adults, sixteen in 
puerperal women, and eight in girls. 


Diphtheria-like bacilli from the female genital organs. 


41. Foulerton and Bonney (1903) in two cases of puerperal fever isolated 
diphtheria-like bacilli from the uterus. These organisms are rather longer and 
coarser than diphtheria bacilli. Some are segmented, others uniformly stained, 
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They retain Gram’s stain but do not show granules with Neisser’s stain. They 
produce a scanty growth on agar at 37°C. and after 24 hours’ growth show a variety 
of forms—long beaded, spindle-shaped, pear-shaped, and coccus-like may be seen, 
Stroke cultures have a surface like ground glass. The growth on serwm is like that 
on agar but more opaque. In broth it appears as a short evenly staining rod. No 
acid is produced in glucose broth, milk remains unchanged, and on potato there is 
a moist spreading layer. This organism differs from the diphtheria bacillus in its 
coarser shape, and the fact that it produces no acid in glucose peptone broth, and 
its lack of virulence for guinea-pigs and rabbits. The authors also observed these 
organisms in cases of catarrh of the cervix uteri. 

42. Bergey (1898) isolated from a vaginal discharge a non-pathogenic, acid- 
forming bacillus corresponding in all respects to the bacillus he isolated from urine. 

43. From another vaginal discharge Bergey isolated another segmented 
diphtheroid organism which produced a thick, moist, yellow growth on serwm and 
agar, a visible growth on potato and a thick yellowish-white membrane on the 
surface of broth. Glucose broth became markedly acid after 72 hours’ incubation. 
Guinea-pigs inoculated intraperitoneally with large quantities died, but did not show 
lesions characteristic of experimental diphtheria. 

Hallé (1899) found diphtheria-like organisms, varying slightly in morphology, in 
different parts of the female genital canal, which reminded him of short diphtheria 
bacilli. All were totally non-pathogenic for guinea-pigs, rabbits and mice. 
Neisser (1888) isolated diphtheria-like organisms from the vagina, which differed 
from true diphtheria bacilli in being motile and growing well on potato. Robertson 
and McRae (v. 1905) isolated bacilli, morphologically identical with diphtheria 
bacilli, from the leucorrhoeal discharges of a number of female general paralytics. 

Many other observers have also briefly mentioned the occurrence of diphtheria- 
like bacilli in these situations. 


Diphtheria of the Male Genital Organs. 


Well authenticated cases of diphtheritic lesions of the male genera- 
tive organs, in which bacteriological examinations have been made, 
are rare. 

McCollom (1897) describes the case of a boy, aged 4 years, suffering 
from nasal diphtheria who developed a membrane on the prepuce. 
Virulent diphtheria bacilli were isolated. The same author records a 
second case in a boy, aged 1 year, suffering from diphtheria of the 
fauces, who had previously been circumcised. The glans became red 
and oedematous but no membrane formed. Diphtheria-like bacilli 
were isolated, which proved non-virulent for guinea-pigs. 

Post (1897) quotes the case of an adult who had nursed two cases | 
of diphtheria. He developed a blister on the inner surface of the prepuce 
which caused acute phimosis. An incision was made and on this a 
membrane formed, and the prepuce later sloughed. On admission to 
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the hospital no diphtheria bacilli were obtained in cultures, but diph- 
theria-like organisms were found in sections of the prepuce. Baranikow 
(1901) records a case of urethritis in an adult, in the discharge from 
which virulent diphtheria bacilli were discovered. Munn (1893) quotes 
the case of a baby, who was circumcised and developed a membrane on 
the wound, in which diphtheria bacilli were found. Both the mother 
and brother later suffered from diphtheria. Brunner (1893) discovered 
diphtheria bacilli in a case of phlegmon of the scrotum. 


Diphtheria-like bacilli found in the male urethra. 


44. Pfeiffer (1903) examined the urethra in 15 normal men and in 10 suffering 
from gonorrhoea, He found diphtheroid organisms by cultural methods 11 times 
in the former group and six times in the latter. 

These organisms show a peculiar uneven staining by Loeffler’s methylene blue, do 
not retain Gram’s stain, and are neither alcohol nor acid fast. They grow well on 
serum, and produce punctiform, round, grayish white, smooth or slightly granular 
colonies on agar after 48 hours’ growth. Growth also occurs on gelatin. Broth 
remains clear, and a granular sediment is produced and sometimes a slight surface 
film. There is a slight acid formation in neutral broth. Milk becomes acid in 
2—7 days at room temperature, and a slight growth occurs on potato. Animal 
experiments were negative. Diphtheria agglutinating serum produced no results 
with six strains in various dilutions between 1 : 20 and 1 : 500. 

45. The writer has also recently isolated diphtheroid organisms from the 
urethra in two cases simulating gonorrhoea, in which the gonococcus was not found, 
and from one case of gonorrhoea. In smears made from the discharge their 
morphology varies between short, uniformly staining and long, segmented bacilli. On 
serum colonies are formed after 24 hours’ growth like those of the diphtheria bacillus, 
and the organisms are mostly long and curved and with many segments. Short forms 
are not uncommon. The majority are rather broader than diphtheria bacilli, and 
many have enlargements twice as thick as the rest of the bacillus, usually situated 
about half way between one end and the centre of the bacillus. Distinctly club- 
shaped forms are also common. They do not possess polar bodies. On agar and 
glycerine agar large, white, smooth, moist colonies are produced. A good growth of 
small, moist, white, round colonies occurs in 48 hours on gelatin, and broth becomes 
clouded, and a thin flaky film and large yellow deposit are produced. Glucose broth 
remains neutral. On potato an abundant, dry, granular, yellowish growth occurs 
in 48 hours. Subcutaneous injections of 3¢.c. of 48 hours’ broth cultures produce 
no effect on guinea-pigs. (Plate XVI, fig. 6.) 

Foulerton and Bonney (1903) observed in a case of phagadaena of the penis 
organisms similar to those described in two cases of puerperal fever (No. 41), but did 
not detect them in 56 cases of urethritis. Eastes (1903) records a similar organism, 
which was non-pathogenic and did not stain well by Neisser’s method, in the 
discharge of a case of urethritis. 

Robertson and McRae (v. 1905) found organisms, morphologically and culturally 
resembling diphtheria bacilli, but non-virulent, in material taken from the surface 
of the urethra in 22 consecutive cases of general paralysis in the male. 


TABLE SHOWING THE PRINCIPAL CHARACTERS 


Morphology Growth on serum Growth on agar Growth on gelatin Growth on potato 


Gram 
Neisser 


A. Resembling diphtheria bacilli in all their main cultural characters. 


Segmented +/+ Diphtheria-like Gray colonies — | = 
. +) + White colonies s Little growth Invisible growth 
Segmented and 4. 4} + Diphtheria-like White colonies re = 
non-segmented 
Segmented 0 White colonies White round pune- 7 AA 
tiform colonies 
Pe + Diphtheria-like Diphtheria-like Diphtheria-like be 
At first Hofmann- 5 Pe ae 43 
like, later segmented 
Segmented +/+ White Dry pearly white Little growth No growth 
colonies 
.; Diphtheria-like Diphtheria-like vs ap 
an +] 4+ Diphtheria-like # _ — 
or dry 
Hofmann-like + | Yellowish colonies — - Little growth 


B. Organisms differing from diphtheria bacilli mainly in the character of their growth on serum. 


Segmented + | +?| Slow growth, scaly Small gray Little growth Invisible growth 
adherent colonies | adherent colonies 
” ap | or Opaque white Small gray White coarsely | White dry growth 
colonies becoming | granular colonies | granular growth 
brownish 
Uniformly staining | + | + | Coherent growth White coherent No growth — 
Beaded + | 0 | Coherent sharply — x _ 
outlined colonies 
C. Organisms differing from diphtheria bacilli mainly (1) in the non-production of acid. 
Hofmann-like +|0 Diphtheria-like | White colonies | Fair growth Invisible growth 
Segmented + | + | Granular adherent | Dry gray growth — = 
colonies 
_ + | + | White filmy growth White tolonies | Colonies white or No growth 
becoming confluent buff 
Uniformly stained | 0 | + White growth White Fair growth Slight gray growth 
or segmented becoming yellow 
Segmented + | + Diphtheria-like Gray No growth Invisible growth 
adherent 
x + [+ Diphtheria-like rs Little growth 55 
(2) in the non-production of acid and the production of 
Segmented + | 0 Diphtheria-like Moist white White Abundant dry 
yellow 
egmented or | + | 0 Scanty growth Scanty growth, — Moist spreading 
py stained surface like ground layer 
glass ; 
Semi-transparent, “= White, later citron | Yellowish powdery 
later yellowish coloured 
colonies 


OF DIPHTHERIA-LIKE BACILLI. 
; i es Milk a: 7 
smear Apes Y 
Growth on broth om a ce Z Virulence Source Name Observer See 
s|/a¢|3s/ss|z 
aqj/o}<4 io |4 
Medium clear | + | General septic- | Human mouth — Davis (1899) | Page No. 
granular deposit aemia in guinea- 354, 14 
|pigs. Not protect- 
ed by antitoxin 
Medium clear | + 0 | 0} O | Non-pathogenic m B. maculatus | Graham-Smith | 349, 1 
deposit of large (1904) 
granules 
Medium clear | + +] + RS Nasal catarrh B. coryzae Cantley (1896) | 361, 19 
stringy deposit segmentosus 
Medium clear | + oo ; Normal and — Pfeiffer (1903) | 381, 44 
granular deposit diseased male 
urethra 
+ Ae + Produces Hepatised lungs B. muris Klein (1903) | 291 
abscesses in rats of rats 
, and guinea-pigs 
Medium clear | + Slightly patho- Leprosy-like _— Dean (1905) | 291 
deposit of large genic for young | disease of rats 
granules rats 
Medium clear | + Non-pathogenic Urine — Bergey (1898) | 386, 46 
granular deposit 
Medium clear + +|.0] +4 ss Milk — " 328 
flocculent deposit 
== + 3p an Mouthsof healthy — Macfadyean & 
& diseased pigeons Hewlett (1900) | 297 
Medium clear | ? 0} 0 Pathogenic in Vaccinia B. variabilis Nakanishi 376, 34 
granular deposit large doses to lymphae vacci- (1900) 
rabbits and nalis 
guinea-pigs 
Medium clear | +?| 0| 0 Non-pathogenic Normal eye B. xerosis — 363, 21 
granular deposit | 
3 oh +/0};+/]0)4+ sp a3 — Griffith No. IV | 366, 24 
(1901) 
Medium clear | + 0/0 Human mouth _ Gordon No. 7 | 350, 2 
coherent masses (1903) 
at bottom 
y % + | ae il ae op a — Gordon No. 8 | 350, 3 
(1903) 
At first cloudy, | 0, 0 | 0 | O | +2?| Non-pathogenic See p. 199 B. Hofmanni — a 
later clear fine 
deposit 
Medium clear | 0| 0| 0] 0] 0 ae Human eye _- Griffith No. II | 366, 23 
granular deposit (1901) 
=e OF ORO ae OO § Milk * Diphtheroid Hiyre 329 
JUN 
Medium clear 0 0} 0} + 6 Vaccinia Corynebac- Galli-Valerio | 377, 36 
flocculent deposit terium vaccinae (1904) 
Medium clear 0 a Normal eyes of | B. xerosis canis | Graham-Smith | 292 
granular deposit | dogs & guinea-pigs (1904) 
+: y 0 + sp Mouth of hen |B.diphtheroides| _ ,, 5 297 
gallinarum 
a copious growth on potato 
Cloud and large | 0 Non-pathogenic | Male urethra — Graham-Smith | 381, 45 
yellow deposit 
= 0 0| 0 * Female genitals — Foulerton & 
Bonney 
Medium clear 0 On Oa ieG Mouth and milk |‘‘Diphtheroid I” 
granular deposit 


TABLE 


SHOWING THE PRINCIPAL CHARACTERS 


Morphology Growth on serum 


Neisser 


— 
| Gram 


Growth on agar 


Growth on gelatin 


C (cont.). Organisms 


Uniformly stained | + | + |Slow growth, colonies 
diphtheria-like 
Segmented + | + | Raised centre with 
thin gray surround- 
ing zone 
Beaded © |) =r — 
D. Organisms differing from 
Uniformly staining | + | + Diphtheria-like 
Segmented +} +4 ie 
Uniformly staining | + | + | Moist yellow growth 
os 5 0 Yellow growth 
Segmented +) 4+ Diphtheria-like 
Uniformly staining + | Moist white growth 
Hofmann-like + | + | Soft cream coloured 
Granular +1|0 Abundant 
Segmented Moist yellow 
Segmented and 0 | Yellowish growth 


Gray 
White moist 
White colonies 
coalesce 
Large white 
White slimy 
Gray colonies 
Yellow growth 
Gray 
Smooth white 
colonies becoming 
confluent 
White 
Thick moist 


Moist yellow 


Yellow 


uniformly staining 
forms 


No growth 


No growth 
Large dry colonies 
Moist growth 
No growth 
Good growth 
Porcelain white 


growth 
Good growth 


Yellow 


K. Organisms differing from diphtheria bacilli in liquefying serum or gelatin. 


Slightly segmented, | + | + Yellow colonies, 
motile medium slowly 
liquefied 
Segmented +.) + Gray colonies 
9 + | + | Abundant creamy, 
medium liquefied 
. + |+ | Medium liquefied 


F. Organisms differing from diphtheria bacilli in 1 
Uniformly stained 0 | Medium liquefied 


Segmented + Medium rapidly 


liquefied 


Abundant moist 
yellow growth 


Granular, adherent 
colonies 


Growth slow 


Grayish growth, 
medium becomes 
purple 
Purple growth 


Colourless growth | 


Liquefied 


Slowly liquefied 


No growth 


Growth on potato 


differing from diphtheria bacilli mainly (2) in the non-production of acid and the 


Abundant yellow 
growth 
Abundant dry 
yellow growth 


Yellow growth 


the diphtheria bacillus in producing abundant, generally coloured, growths 


Extensive moist 
yellow 
Extensive cream 
coloured 
Dry yellow growth 


Abundant yellow 


»” 


Dry yellowish- 
white growth 
Abundant moist 


White 


Yellow 


Abundant white 
growth becoming 
yellow 


Abundant yellow 
growth 
No growth 


iquefying gelatin and producing soluble pigments. 


Brown growth 


Purple growth 


G. Organisms differing from diphtheria bacilli in producing pigmented growths or soluble pigments. 


“Sheath” form | + | + Diphtheria-like 
or confluent 
Segmented 0 
xs + | + Lemon yellow 


colonies 


White colonies 
which coalesce 


White 


Colourless growth | Abundant growth, 


medium becomes 
brown 
Dry yellow 


ing from diphtheria bacilli in producing spores. 


Diphtheria-like 


Medium made 
claret coloured 


Yellow 


No growth 


Pink colonies, 
medium pink 
Abundant gray 


Moist growth 


OF DIPHTHERIA-LIKE BACILLI (continued). 


Milk 
—————= 
Growth on broth a | ee “ Virulence Source Name Observer See 
= n mt S:3/ co 
£|2| 3 \8"| 8 
production of a copious growth on potato. 
Medium clear | 0 | 0 | 0 | O | Non-pathogenic Normal ear B. ceruminis | Graham-Smith | Page No. 
stringy deposit (1904) 369, 27 
Thick surface 0 “e Mouth — Graham-Smith | 352, 7 
film, floeculent 
deposit 
White deposit | 0 Onn 3 Vaccinia — Brown 376, 33 
on potato. 
Medium clear | + Non-pathogenic | Abscess of mouth |B. diphtheroides| Graham-Smith | 
stringy deposit | citreus (1904) 350, 5 
Cloudy, granular | + 4, |) a | te 5 Mouth B. diphtheroides x 351, 6 
deposit brevis 
Thick surface | + - ne — Hamilton 
film, stringy (No. 19) 
deposit 
oe e i ie = a 352, 8 
Cloudy, stringy | + 0; 0] + “fp Ear B. auris Graham-Smith 
deposit (1904) 368, 26 
Cloudy, floceulent| + fe + a = De Simoni 
deposit (1898) 370, 30 
Cloudy, granular| + | 0 | + | 0 | + sf Normal eye — Griffith No. V 
deposit (1901) 366, 25 
Cloudy with ae 0 +e Variola — De Simoni 
flaky deposit (1898) 376, 35 
White membrane| + Pathogenic for Vagina — Bergey (1898) | 380, 43 
guinea-pigs in 
large doses 
Cloudy PE Yes Produces septic- Mouth = Hamilton 357, 16 
aemia; antitoxin 
does not protect 
Cloudy, granular| 0 | 0 + | + | Non-pathogenic Mouth B. diphtheroides| Graham-Smith 
deposit liquefaciens (1904) 353, 12 
—_ +] + nO cn — Gordon 350, 4 
Medium clear | + Xn Ear _ Hamilton 370, 28 
Little growth + | + Produces subcu- Milk |\B.diphtheroides| Klein (1901) | 328 
taneous abscesses 
in guinea-pigs 
Cloudy > Non-pathogenic Mouth = Hamilton 353, 13 
Clear + Produces septic- Ear — x 370, 29 
aemia ; animals 
not protected 
by antitoxin 
Cloudy + | 0 0 | Non-pathogenic Milk | Diphtheroid II Eyre 329 
> ap aA Mouth — | Hamilton 
| 
Conglomerate | + a Hye | Gordes 
crumbs | 
Medium clear | + Non-pathogenic Nose 
granular deposit | 
N. D. 
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Diphtheria of the Anus and Rectum. 


Diphtheritic lesions of the anus and rectum are very rare. Salmon 
(1904) mentions a case in which the patient was suffering from several 
other diphtheritic lesions. Wright (1894) found diphtheria bacilli in a 
case of fistula in ano, and Neisser (1893) in an inflammatory condition 
round the anus. Biggs (1893) also mentions an instance of diphtheria 
of the rectum. In none of the cases was the virulence of the organisms 


proved, 
Diphtheria Bacilli in the Urine. 


In a few instances the presence of diphtheria bacilli in the urine has 
been reported, but in no instance have the bacilli been satisfactorily 
identified. Barlow (1898) reports the case of a young woman suffering 
from diphtheria with membrane on both tonsils. On the third day 
dark coloured urine was passed, and bacilli resembling diphtheria 
bacilli in morphology and cultural characters were found. No virulence 
tests were made. 

Bujwid (1897) found diphtheria-like bacilli in a sample of urine 
from a child suffering from tubercle of the kidney. In morphology and 
cultural characters the organisms resembled diphtheria bacilli, but the 
subcutaneous injection of 1 c.c. of a ten days’ culture only caused strong 
local symptoms in a guinea-pig. 


Diphtheria-like bacilli in urine. 

Bergey (1898) isolated diphtheria-like bacilli from urine on several occasions (10). 
The urine was obtained both from healthy patients and from persons suffering from 
cystitis. 

46. These organisms are short, slender rods showing a tendency to clubbing at 
the ends, which are stained more darkly. When stained with dilute methylene blue 
the bacilli show well marked segments. They retain Gram’s stain, and show polar 
granules. On serwm small round whitish colonies and on agar small round dry 
pearly-white colonies are formed, On gelatin there is very little growth, and on 
potato none. roth does not become clouded but a slight granular deposit is formed. 
In glucose broth acid is produced. Entirely non-pathogenic to guinea-pigs. 


Cerebro-spinal flucd. 


Morrell and Wolf (1906) on two occasions obtained diphtheria 
bacilli during life from the cerebro-spinal fluid of a child suffering from 
general miliary tuberculosis and tubercular meningitis, but without any 
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signs of diphtheria. The organisms were typical in morphology and 
cultural reactions, and produced acid from glucose and dextrin, but not 
from saccharose or inulin. Inoculated guinea-pigs died in 48—56 hours 
with gelatinous oedema and supra-renal reddening. 

Head and Wilson (1899) isolated after death typical virulent diph- 
theria bacilli from the ventricles and cerebro-spinal fluid of a woman 
suffering from suspected rabies. 

Non-virulent diphtheria-like bacilli have been isolated from the 
brain and spinal fluids by Johnson and Goodall (1902) and Robertson, 
McRae and Jeffery (1903). 

Diphtheria bacilli have in some instances been separated from the 
organs of persons dead of the disease (see Chapter HI, p. 99), and diph- 
theria-like bacilli have been found in the sputum and organs of persons 
suffering from general paralysis of the insane (p. 441). 

Kruse and Pasquale (1894) isolated a non-pathogenic organism, 
having the cultural and morphological peculiarities of the diphtheria 
bacillus, from the pus of a liver abscess following dysentery. They gave 
it the name of Bacillus clavatus. 


Summary. 


A very large number of bacilli have been obtained from the secretions 
of healthy persons and from various lesions of the throat, nose, eye, ear, 
skin, and genitalia, as well as from various animals and from milk, which 
more or less closely resemble the diphtheria bacillus in morphology. 
Many of them also closely resemble it in staining reactions and in 
cultural characters. The majority are non-pathogenic to laboratory 
animals, but some are pathogenic. Of the latter a few produce 
septicaemia, and others less acute conditions. All these bacilli may 
be roughly divided into groups according to the ditferences they exhibit 
in culture. The members of one group, though derived from widely 
different sources, closely resemble true diphtheria bacilli in all respects 
except in their action on animals. Amongst this group may be placed 
the non-virulent diphtheria bacillus, the bacilli described by Robertson, 
Kruse and Pasquale, and many others, which apparently possess no 
cultural characters by which they can be separated from the diphtheria 
bacillus. 

Other groups are peculiar in producing coherent or adherent 
colonies on serum, extensive, often coloured, growths on potato, lique- 
faction of serum or gelatin, soluble pigments, or in developing spores. 


25—2 
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Another group of diphtheroid organisms produces no acid in glucose 
broth. According to the writer’s experience true virulent diphtheria 
bacilli never produce gas or possess any of the above characters, and 
descriptions of virulent diphtheria bacilli possessing any of them are 
rarely to be met with. Bacilli which show any of the above characters 
may therefore be separated from true diphtheria bacilli. 

Many of the organisms described possess no pathological significance, 
and appear to be harmless saprophytes. Their presence may, however, 
lead to erroneous diagnoses, and unjustifiable conclusions as to the 
nature of the disease, the method of treatment, and the distribution 
of diphtheria bacilli. A few produce severe lesions in man, which may 
be mistaken for diphtheria. Judging from the experiments of Ruediger, 
Hamilton and Horton such organisms are not very uncommon and their 
importance has not yet been sufficiently recognised. 

In considering the distribution of diphtheria bacilli amongst non- 
contacts and the diphtheritic origin of various lesions, the frequent 
occurrence of diphtheroid bacilli in many parts of the body must be 
borne in mind, and all such organisms thoroughly tested before any 
final decision is given’. Outside the human body diphtheroid organisms 
have also been found in milk, on the normal and diseased mucous 
membranes of many animals, and in other situations. In dealing with 
organisms found under these conditions similar precautions are necessary. 


1 See also pp. 264, 265. 


CHAPTER X. 


DIPHTHERIA-LIKE DISEASES. 


Characters of diphtheritic lesions. Organisms which have been found 
associated with non-diphtheritic membranous lesions of the mouth, nose and 
larynx: Streptococci, Staphylococci, Brisou coccus, Pneumococcus, Bacillus of 
Friedlander, Bacillus coli, fusiform bacilli and Spirilla, Leptothrices, Yeasts, 
Syphilis. 


BEFORE proceeding to describe the diseases which simulate diphtheria, 
it may be well to recapitulate briefly the various forms in which diph- 
theria may be met with in different parts of the body. 

Diphtheria most commonly affects the posterior portions of the 
buccal cavity, producing in its typical form pseudo-membranes covering 
a part or the whole of the tonsils and the adjacent structures. 
Examples have, however, been encountered in which the membrane 
covered almost the whole of the surfaces within the buccal cavity, 
and on the other hand true diphtheria may show only very limited 
changes such as small membranous areas on the tonsils, white plugs 
in the crypts, or even simple redness on the tonsils without membrane. 
Diphtheritic membranes confined to the tongue have been noted by 
Trevelyan (1900), Thiercelin (1898), and Wharton (1895, bacilli viru- 
lent), and to the lips and gums by Trevelyan (1900) and Flexner and 
Pease (1895, two cases). Diphtheria bacilli have also been observed 
in noma by several observers (p. 348). Diphtheritic conditions of the 
larynx and trachea may also vary from extensive membranous forma- 
tions to very slight lesions. Horne (1905), for example, mentions a 
case in which no diphtheria bacilli could be found during life, and were 
only obtained at the autopsy from the ventricle of the larynx. 

In a similar manner diphtheria of the nose manifests itself in a 
variety of ways. Membranous or fibrinous rhinitis, acute or subacute 
catarrh, atrophic rhinitis in certain forms (Symes, 1903) and external 
rhinitis (Todd, 1898) may all be caused by virulent diphtheria bacilli, 
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Diphtheritic conjunctivitis has been reported by numerous observers, 
and virulent diphtheria bacilli have been encountered in ear discharges 
on several occasions. Membranous lesions of the external female 
genital organs, including the labia, vulva and vagina, and a few cases 
of lesions of the penis due to diphtheria bacilli have been recorded. 
Lesions of the skin in many parts of the body as well as abscesses 
and ulcers associated with the presence of virulent diphtheria bacilli 
have also been recorded. More rarely diphtheria bacilli have been 
observed to be present in lesions of the internal organs without 
external manifestations of the disease. Thus diphtheria bacilli have 
been cultivated from the brain in a supposed case of rabies by 
Head and Wilson (1899), from the cerebro-spinal fluid of a case of 
tuberculosis during life by Morrell and Wolf (1906), from the heart 
valves by Howard (1894), from a pneumonic lung by Ohlmacher 
(1895), ete. 

The clinical manifestations of diphtheria are so divergent that the 
widest experience cannot hope to diagnose correctly on clinical grounds 
alone any but the more typical cases. Even in such cases mistakes 
are not infrequently made. The assistance of bacteriology 1s necessary 
before the identity of the less typical examples can be proved, and 
bacteriological methods should always be employed in the case of 
persons presenting throat or nose lesions, who have recently been in 
contact with diphtheria. 

On the other hand a few examples.do undoubtedly occur in which 
bacteriological evidence is at fault in the first examinations. In such 
cases the growth of the diphtheria bacilli in the culture tubes may be 
retarded or overwhelmed by the accompanying bacteria, or it may be 
inhibited by the presence of antiseptics, or from some other cause the 
bacilli may not develop. The first of these factors, however, seldom 
comes into action except in extremely foul ulcerative cases, and the 
proportion of erroneous bacteriological diagnoses from all causes is very 
small. 

Even the anatomical condition of the membrane cannot be re- 
garded as a certain proof of the nature of the disease. “As a rule 
the exudate of diphtheria is firmly incorporated with the underlying 
mucous membrane and cannot be removed without leaving a bleeding 
surface, at least until convalescence. The tissues surrounding the 
exudate are more or less inflamed and swollen. When other bacteria 
produce the irritant the exudate, except in the cases due to the bacillus 
described by Vincent, is usually loosely attached, collected in small 
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masses, and easily removable. Exceptions, however, occur in both 
these diseases, so that in true diphtheria, the exudate may be easily 
removed, and in lesions due to other bacteria the exudate may be 


firmly attached” (Park, 1900). 


Organisms which have been found associated with Non-diphtheritic 
Membranous Lesions of the Mouth, Nose and Larynx. 


Streptococci. Numerous observers have recorded cases of mem- 
branous inflammation of the mouth in which streptococci have been 
the only organisms present. Prudden (1889) studied a series of 22 
fatal cases, and Woodhead (1901) found streptococci to be the only 
organisms present in 565 out of 1960 cases diagnosed on clinical 
grounds as diphtheria, in which no evidence of diphtheritic infection 
was obtained. 

Staphylococct. Examples of membranous inflammation due to 
staphylococci are of very common occurrence, and even limited out- 
breaks of this disease have been described. 

Mixed infection with streptococci and staphylococci is a more common 
cause of pseudo-diphtheritic lesions than pure infection with either of 
these organisms. Woodhead, for example, found that 985 (50:2 7%) of 
his 1960 cases of pseudo-diphtheria were caused by mixed infection 
with these two organisms. 

Brisou coccus. This organism has been often observed in pseudo- 
diphtheritic conditions, and forms colonies resembling those of the 
diphtheria bacillus. Its characters have been described by Roux 
and Yersin. Chaillou and Martin (1894) mention cases due to this 
organism in which the membrane extended into the trachea neces- 
sitating tracheotomy. Stone (1904) has recently described a peculiar 
diplococcus occurring in acute inflammatory conditions of the throat 
accompanied by a severe toxaemia. In many cases a distinct white 
tenacious false membrane is present on the tonsils. The adjacent 
sides of the cocci are flattened and they show distinct metachromatic 
granules when stained by Loeffler’s method. 

Pneumococcus. Cases of membranous inflammation of the fauces, 
occurring during the course of pneumonia, have frequently been 
observed, and many instances have also been recorded unaccompanied 
by pneumonia [Concetti (1893), Chaillou and Martin (1894), De Blasi 
and Russo-Travali (1896), Méller (1903), etc.]. Some examples of very 
extensive lesions are recorded, for example exudation covering the 
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tonsils, pillars of the fauces and uvula (Jaccoud, 1891), or the entire 
pharynx, palate, lips, and nasal cavities (Vedel, 1898). In both these 
instances pneumococci were the only organisms found, and in the latter 
case their virulence was proved. Perhaps the most remarkable example 
of extensive membrane formation by the pneumococcus is that described 
by Cary and Lyon (1901). During an attack of acute lobar pneumonia 
there occurred profuse pseudo-membranous exudations upon nearly all the 
mucous membranes of the body, tonsils, lips, gums, cheek, under surface 
of tongue, soft palate, fauces, nose, conjunctiva, anus, and glans penis. 
Diphtheria bacilli, streptococci, saccharomyces, etc., were all looked for, 
but were not found. Virulent pneumococci were proved to be the only 
organisms present in all the lesions. Another very interesting case 
was observed by Netter (1891). A boy aged three years suffering from 
varicella showed urgent symptoms of laryngitis requiring tracheotomy, 
through the wound of which a false membrane was expelled containing 
no diphtheria bacilli but only pneumococci. A similar case is also 
recorded by Seuvre (1898). In summarising his observations on the 
infections of the mucous membranes by pneumococcus Foulerton 
(1902, p. 293) makes the following remarks. “The exact bacterio- 
logical identification is rendered difficult by the fact that the organism 
is a frequent parasite of the healthy mouth. But the number 
of cases in which there are the formation of false membrane and 
destruction of the superficial layer of the epithelial membrane associated 
with the presence of the coccus and without any other of the bacteria 
—B. diphtheriae, Streptococcus pyogenes, Saccharomyces albicans— 
which are known to cause similar lesions, leaves little doubt as to the 
fairly frequent occurrence of an acute membranous pharyngitis due 
to this cause.” 

Bacillus of Friedldnder. This organism has been occasionally found 
in cases resembling diphtheria (Michelazzi, 1904). Nicolle and Herbert 
(1897) found it in pure culture in six out of 1,600 cases of angina, 
and state that it is capable of producing chronic, subacute and acute 
anginas, sometimes accompanied by a continuous membrane. 

Bacillus colt. Lemoine (1895) observed bacillus coli together with 
streptococci and pneumococci in false membranes, and Chaillou and 
Martin (1894) noted two cases in which liquefying organisms resembling 
bacillus coli were alone present. 

Fusiform bacilli. Vincent (1896) was one of the first to call atten- 
tion to the presence of fusiform bacilli and spirilla (Pl. XIV, fig. 4) 
in connection with ulcerative and membranous conditions in the mouth. 
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Consequently the pathological process associated with these organisms 
is frequently termed Vincent’s angina. Since 1896 numerous observers! 
have noted their presence in various lesions, and even in the healthy 
mouth. These fusiform bacilli are of considerable interest since many 
of the conditions in which they are found closely simulate diphtheria, 
and the organisms themselves have to be carefully distinguished from 
diphtheria bacilli in preparations made directly from the throat. 
Although they have been so frequently detected in such preparations 
their isolation has been attended with difficulty, and appears only to 
have been successfully accomplished by three investigators, Veillon and 
Zuber (1898), Ellerman (1904) and Weaver and Tunniclitfe (1905). 
The following description is taken from the latter authors: 


In smear preparations the bacilli are seen as long slender rods usually with 
pointed ends. Occasionally the ends are rounded, or the rod thicker, or it is 
slightly bent. Their length varies from 6—12y. Theyare generally scattered uniformly 
over the field but sometimes irregular clumps are seen. They may be stained by 
Loeffler’s methylene blue, but are best stained with carbol fuchsin, and do not retain 
Gram’s stain. They are non-motile and show no polar bodies. The bacilli may be 
grown in mixed culture in sugar-free broth, with or without the addition of ascites 
fluid. Pure cultures can be obtained by smearing the surface of horse-serum-agar 
slants and cultivating anaerobically at 37° C. for 3-—5 days. 

In pure culture the organisms are obligatory anaerobes. The colonies appear as 
delicate white discs which become confluent. A small moist growth is produced on 
Loefiler’s serum, a delicate white confluent growth on ascites agar, a delicate cloud 
along the line of inoculation on agar, and a slight flocculent growth in sugar-free 
broth (Pl. XIV, fig. 5). There is no growth in milk, nutrient broth, or on potato, 
Cultures on media containing serum or ascites fluid give off a very foul odour. 

On ascites agar, horse-serum-agar and Loeffler’s medium they no longer appear 
as fusiform bacilli but as long delicate filaments with darker bodies at intervals 
(Pl. XIV, fig. 6). Veillon and Zuber (1898) produced small abscesses in rabbits 
and guinea-pigs by the inoculation of pure cultures, but Weaver and Tunnicliffe 
(1905) found that injections of pure cultures into the muscles or under the skin of 
rabbits and guinea-pigs were without result. In mixed cultures they produced 
abscesses. 

Tunnicliffe’s (1906) most recent investigations point to the conclusion that the 
fusiform bacilli and spirilla are not different organisms but merely different stages 
in the life history of the same organism. She describes the various appearances 
met with in cultures in the following words: “The organisms present the same 
morphological appearance in whatever media grown. They are extremely poly- 
morphous, appearing as quite different organisms at different periods of their 
development. They are usually during the first 24 hours of their growth delicate 
pointed rods from 3p to 10 in length. As a rule they show deeply staining bodies 
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or bands, most often two in number, not situated at the ends. The bacilli are 
usually straight, sometimes bent. The bacilli often strikingly resemble the barred 
forms of diphtheria bacilli. They are often slightly larger in the centre but not 
always. In the young cultures a few smaller, 1°5—4, in length, and plumper bacilli 
are also sometimes found. They have very thick unstained bodies, with deeply 
stained rounded ends. The swollen bodies resemble spores, but do not stain as 
such, Both forms appear in pairs, end to end, at obtuse angles, and in rows. 
In some of the longer bacilli, usually during the first days of their growth, a few 
spores are seen. There is usually one in a bacillus, but occasionally there are two. 
They are situated either at one extremity or near the centre. They may be seen 
within, or partly without, or entirely outside the bacillus. The development from 
the round spores into the very short plump bacilli with dark extremities may be 
observed in a hanging block. In 24 hours or even later, filaments of various lengths 
are formed. Some of these filaments are of the same diameter throughout and 
contain as a rule deeply staining bodies, sometimes round, oftener like bands. 
Similar ribbon shaped forms are frequently seen in smear preparations from the 
gums. Some of the filaments stain uniformly. As a rule many of the filaments 
are seen to be made up of strings of bacilli, which are joined together at the dark 
bodies. The bacilli forming the filaments vary in size and shape as the bacilli in 
the earlier cultures do. The filaments are sometimes straight, sometimes wavy. 
Involution forms in a great variety of shapes are frequently observed. In the 
older cultures the filaments often stain irregularly. Clear spaces resembling 
vacuoles are often seen. They are simply the unstained bodies of the short, plump 
bacilli which in chains are so close together as to appear as vacuoles. 

“Soon after or simultaneous with the appearance of the filaments, most often on 
the fourth or fifth day, spirals are observed, sometimes in enormous numbers. As 
a rule they stain uniformly ; others show the dark bodies seen in the short bacilli 
and filaments. Often it is easily seen that the spirilla are made up of chains of 
short bacilli similar to the straight filaments. The spirals are sometimes in the 
form of corkscrews, more often the turns are not so sharp, nor so deep. They form 
one to twenty curves. The turns are sometimes rounded, sometimes very pointed. 
The pointed ones are especially marked when the spirilla can be seen to be made 
up of bacilli and when there is only one bend. Some of the larger spirals extend 
across the whole field, more often they are shorter, showing four or five turns. 
These shorter forms are from 4—5y in length. They vary considerably in the depth 
of the curve as do the uncultivated spirilla. The ends are usually pointed. Toward 
the extremities the curves sometimes become more and more broad. Involution 
forms are seen in the spirilla as well as in the filaments. In some of the cultures 
the spirilla alone are found, but usually the filaments and short bacilli are also 
present. By the 10th to the 15th day fewer filaments and spirilla are seen, but as a 
rule, even in the older cultures (55 days), spirilla can still be found. Both the bacilli 
and spirilla stain by methylene blue, gentian-violet, Giemsa, Romanowsky, carbol- 
fuchsin, and carbol-gentian violet.” 

Cultures of all ages inoculated into guinea-pigs produce no result. 


Leptothriz. Meunier and Bertherand (1898) describe a case in 
which a diphtheria-like membrane was found, A leptothrix was 
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present in great abundance on the tonsils, uvula, and soft palate. 
Sections of the membrane showed large numbers of these organisms. 

Yeasts, Pseudo-membranous lesions are occasionally met with, in 
which yeasts, usually Saccharomyces albicans, are the most abundant, 
or the only organisms to be found. 

Syphilis. Campbell (1904) and others have called attention to the 
resemblance to diphtheria of chancre of the tonsil. The chancre itself 
may have a pseudo-membranous appearance and the accompanying 
general phenomena and enlarged glands add to the difficulty of 
diagnosis. Even an intranasal chancre has been mistaken for nasal 


diphtheria (Rolleston, 1906). 


CHAPTER XI. 


PREVENTIVE MEASURES. 


General preventive measures. Notification. Isolation. Disinfection. Source 
of infection. Closure of schools. Special preventive measures. Primary and 
secondary examinations of clinical cases and contacts. Classes of persons who 
ought to be examined. Isolation of mild cases and infected contacts. Infected 
families. Schools. Isolation homes. Hospitals and institutions. Period of 
isolation. Causes of misleading negative cultures. Proportion of negative 
followed by positive cultures. Persistence of diphtheria bacilli in the throat and 
nose. Attempts to hasten the disappearance of the bacilli. Results of isolation 
of convalescents, mild eases, and contacts in families, schools, institutions, 
hospital wards, and towns during outbreaks. The prophylactic injection of 
antitoxin. Summary. 


Preventive Measures. 


THE measures which may be taken to check the spread of diph- 
theria will be most conveniently discussed under two headings, namely 
(1) general and (2) special measures. Under the heading of general 
preventive measures are considered those means of prevention which 
are applicable in the case of any other severe infectious disease, and the 
special modifications which are necesssary in the case of diphtheria, 
whether they apply to the individual, or to collections of individuals, 
or food substances. The application of bacteriology in checking the 
spread of the disease will be discussed under special preventive 
measures. 


I. General Preventive Measures. 


Notification. Persons suffering from diphtheria are required by law 
to be notified to the Medical Officer of Health. In the case of persons 
showing the typical symptoms of diphtheria no difficulty arises. The 
fact that the disease may manifest itself in a variety of ways and that 
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during outbreaks many persons may be encountered who are carrying 
virulent bacilli, without any signs of ill-health, complicates the question 
of notification. Whether persons suffering from atypical forms of the 
disease and healthy infected contacts should be notified are points 
which have frequently been discussed. Most authorities agree that the 
former class should be notified as suffering from diphtheria, and treated 
in the same manner as those who show typical clinical symptoms. On 
the other hand the general opinion is that healthy infected contacts 
should not be notified, but should be dealt with separately from those 
who show clinical signs. A few authorities, however, consider that 
even these persons ought to be notified. This question was very care- 
fully considered by Cobbett (1901) in dealing with his first outbreak at 
Cambridge, and he came to the conclusion that the notification of such 
persons was undesirable for many reasons. 

Diphtheria is a disease, and therefore a person cannot be held to 
have diphtheria who remains perfectly well, and notification is resented 
on this ground. 

“Tt has been pointed out that without notification the Medical 
Officer of Health has no power to deal with these persons, but that 
armed with this instrument he can compel them to be isolated. In 
answer to this, it may be said that he could only compel the removal 
of those for whom it could be shown that isolation was impossible at 
home, and that too on the receipt of an order from a magistrate.” 
Further, compulsory isolation following on notification would raise 
general opposition to all measures attempting to deal with these 
persons, and since persuasion has in most cases been perfectly satis- 
factory it is undesirable to create opposition by resorting to forcible 
measures. 

The fact is that nothing can be done unless the people back up the 
measures. When it is a case of dealing with public schools, and the 
class of persons who send their sons to them, there is little or no 
difficulty in carrying out the bacteriological examination of contacts, 
and the parents see to the isolation of their infected children, for they 
at once recognise that the measures proposed are for their own interest. 
The poorer class will take the same view if the matter is fairly ex- 
plained to them. We must therefore in such matters act by persuasion 
rather than by force. If persuasion fails, the education authorities 
have the power of refusing to allow the infected scholars to return 
to school until they have been officially certified to be free from 
diphtheria bacilli. 
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Isolation. Isolation hospitals' are provided by the Local Authorities 
in which patients suffering from diphtheria, who cannot be efficiently 
isolated in their own homes, may be treated. In whatever way patients 
are isolated it is highly desirable that the isolation should be efficiently 
carried out so that the possibility of the spread of the disease by contact 
should be reduced to a minimum. In all cases the methods by which 
the disease is conveyed from person to person should be explained to 
the attendants, and precautions taken to prevent its dissemination by 
infected objects. 

Disinfection. The various examples which have been quoted of the 
finding of diphtheria bacilli on infected articles and in dust show the 
necessity for sterilising, whenever possible, all articles and toys which 
have been used by the patients immediately before and after the 
development of clinical signs. Although the probability of infection by 
means of dust, etc., 1s very small, it 1s generally customary to disinfect 
the room occupied by the patient after removal to the hospital, or after 
the termination of isolation, if the patient has been kept at home. 

During the progress of the disease all cups, plates, etc., used by the 
patient ought to be sterilised by boiling after use, and all soiled 
linen and other similar articles ought to be sterilised by some efficient 
means. Articles of little value and dressings should be burnt. 

The importance of these precautions, which relate more particularly 
to the spread of the disease to family or very close contacts, is widely 
acknowledged, and once the disease has been recognised more or less 
efficient precautionary measures are usually adopted. 

Comparatively little attention has, however, been paid to similar 
precautions for checking the spread of diphtheria bacilli amongst school 
children. It has already been shown that the bacilli are most fre- 
quently communicated by means of articles such as pencils, which pass 
from mouth to mouth. Suggestions have frequently been made, that 
each child should possess its own slate, pens, pencils, etc, and that 
these articles should be frequently and systematically sterilised when 
diphtheria is prevalent. In institutions where the children receive one 
or all their meals, the same precautions ought to be taken in regard to 
knives, forks, cups, ete. 

Source of infection. Once diphtheria has broken out it becomes 
the duty of the authorities to trace as far as possible the origin of the 
infection, so as to check any further spread from that source. 


1 The provision of Isolation Homes for infected contacts belongs more appropriately to 
the Bacteriological measures and is discussed later (p. 405). 
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Since the source of most infections is personal contact, inquiries 
ought to be first directed to the possibility of infection having occurred 
in this way, and a bacteriological examination made of the members of 
the patient’s family and any persons whom the inquiry may indicate to 
have been possibly instrumental im carrying the disease. By this 
means it is frequently possible to detect mild unrecognised cases which 
act as carriers (p. 309). Bacteriological examinations ought also to be 
made of persons who are likely to have been infected by the patient, 
and may be capable of transmitting the disease. The classes of persons 
whom it is desirable to examine under these conditions are fully con- 
sidered later (p. 401). 

If no source of personal contact is discovered, and especially if cases 
arise apparently independently of one another, suspicion is directed 
to the milk supply. Here again the bacteriological examination of 
those who are connected with the cows, the dairy, and the distribution 
of the milk is likely to be of more service than the examination of the 
milk itself, since the isolation of the diphtheria bacillus from milk is a 
dificult matter, and has only been successfully accomplished on three 
occasions. Still more rarely has it been definitely proved that the 
cows themselves are the source of the disease (p. 285). Suspicion 
has frequently been directed to other domestic animals and _ birds 
as the source of the disease, but bacteriologically the suspicion 
has very seldom been confirmed (p. 304). Infected articles used 
by many persons, such as speaking tubes, and the cups of 
public fountains, etc. may occasionally play some part in the dis- 
semination of the disease, and ought not to be neglected. The list, 
which has been given, practically exhausts all the means by which the 
disease has been proved to have been propagated, since no trustworthy 
evidence exists that it may arise through the agency of putrefying 
refuse, sewer gas, polluted soil, or unhealthy surroundings. By their 
effect on the general health these agencies may, however, render those 
who are exposed to their influence more susceptible to the disease. 

Schools. The influence of schools and institutions, in which large 
numbers of individuals of susceptible age are brought together, is a 
subject which has received great attention. It seems to be now 
generally held that such places play an important part in the dis- 
semination of the disease through the presence of mild unrecognised 
cases and infected contacts, who readily pass on the bacilli which they 
have acquired owing to the habits which prevail amongst the children 
(p. 318). 
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In serious outbreaks it has generally been the custom to close the 
schools with the object of preventing the daily meeting of large numbers 
of children. No doubt to some extent this proceeding succeeds in its 
object, but it has the disadvantage of rendering the examination of the 
scholars more difficult, and the probability of discovering most of the 
carriers of the bacilli more remote. Further, while the children are 
attending the schools cases of mild sore throat and other ailments are 
brought to the notice of the authorities and can be immediately 
examined, whereas while the children are at home such slight ailments 
are liable to pass unnoticed. If such cases are found on bacteriological 
examination to be suffering from mild diphtheria, their immediate 
contacts can be easily singled out for examination. It is therefore 
desirable, whenever possible, to bacteriologically examine the school 
children before the closing of the schools, and thereby take the 
opportunity of dealing with the infected children who may be dis- 
covered. The methods which have been employed in dealing with 
these persons and their results are given in the next section. The 
question of dealing with the public elementary schools is complicated 
by the fact that the children from the infected schools are liable to mix 
on Sundays with the children from non-infected schools in the Sunday 
Schools. This intermingling of the scholars from healthy and infected 
day schools is probably a frequent cause of the extension of the 
disease to schools which up to that time have remained uninfected. 
The closing therefore of Sunday Schools is one of the first measures 
which ought to be enforced when diphtheria becomes prevalent. 


II. Special Preventive Measures depending on Bacteriological 
Methods. 


More is definitely known about the transmission of diphtheritic 
infection than of any other epidemic disease. Owing to this fact and 
the ease with which most suspected exudates and materials can be 
examined, diphtheria readily lends itself to bacteriological methods of 
prevention. In this section the various bacteriological preventive 
measures which have been used, and the measures which depend on 
them, together with the results which have been obtained, are discussed. 

The bacteriological measures may be considered under the following 
headings :— 

(1) The primary examinations of clinical cases and the subsequent 
examinations of convalescents. (2) The primary examinations of contacts 
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and the subsequent examinations of those who are found to be infected. 
(3) The classes of contacts who should be examined in connection with 
cases of diphtheria. (4) The isolation of infected contacts. (5) The 
time during which convalescents and infected contacts should be isolated. 
(6) Records relating to the persistence of diphtheria bacilli in the 
throat and nose, etc. (7) Attempts to hasten the disappearance of the 
bacilli. (8) The results of isolating convalescents and infected con- 
tacts until the disappearance of the diphtheria bacilli in (a) families, 
(b) schools, (c) institutions and hospital wards, and (d) towns. (9) The 
prophylactic injection of antitoxin. 


(1) The primary examinations of clinical cases and the subsequent 
examinations of convalescents, and (2) the primary examinations of con- 
tacts and subsequent examinations of those who are found to be infected. 


The methods of practical bacteriological examination in all these cases 
have already been discussed (p. 340) at some length, but a statement 
of the principal points may be desirable. The bacteriological diagnosis 
in most clinical cases is easy, but in all instances in which doubtful 
bacilli are found it is the duty of the bacteriologist to test and prove 
the correctness of his opinions by every means in his power. When the 
patient is becoming convalescent the bacilli may be present in large 
numbers or their numbers may be very small. In the latter case especial 
care should be taken to obtain satisfactory swabs, at least 12 hours after 
the application of any antiseptic substances. 

Should no diphtheria bacilli be encountered at the first examination 
the cultures should be recultivated for a period of 24 hours and again 
examined. When the bacilli has disappeared from the seat of the 
original lesion, the other situations in which they are liable to lurk 
should also be examined, in order that the patient should not return to 
the community still harbouring virulent diphtheria bacilli. 

In the case of infected contacts the bacilli may or may not be 
abundant from the start. It is therefore desirable in examining 
contacts to subject all negative cultures to a further period of incubation 
and examination. The same precaution ought to be observed in all the 
subsequent examinations of infected contacts. 


(3) The classes of persons who ought to be examined in 
connection with cases of diphtheria. 
Reference to the section on Infection by Contact shows that the 
proportion of infected contacts is highest amongst the members of the 
N. D. 26 
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family of the patient, next highest amongst close contacts in hospital 
wards and institutions and lowest amongst the more remote contacts 
in schools. A careful examination of the results of the observations on 
wards, institutions and schools reveals the fact that in these cases the 
proportion of infected contacts is low, because many are examined who 
have had no direct relationship with the case. It is those who have 
been in attendance on the patient, or have been situated near him either 
in wards or in schools, who are most commonly found to be infected. 
Illustrations of these facts have already been given (pp. 309—318). 

It therefore follows that in connection with a case of diphtheria the 
members of the family, and all who have been in close connection with 
him at home, should be immediately examined, as well as his more 
intimate friends, and at least certain members of his class who sat near 
him at school. These proceedings not infrequently reveal mild un- 
recognised cases and healthy infected contacts, especially in connection 
with those instances in which the clinical signs are at first mild, and 
only after some days become sufficiently severe to be recognised. ‘The 
discovery of unrecognised cases has not only frequently led to the pre- 
vention of further transmission of the disease, but has afforded valuable 
information as to its origin. 

When a serious outbreak has to be dealt with in a school, it is no 
longer possible to hope that these measures will be sufficient to trace 
all the infected persons. It then becomes desirable to examine all the 
members of the class to which patients belong, or even the whole 
school. 

When an outbreak of diphtheria occurs in a hospital ward, the 
throats and noses of all attendants as well as of the occupants of the 
ward, especially those who are closely connected with the patients 
either by occupying adjacent beds or by visiting them, should be 
examined. In epidemic times outbreaks of diphtheria in the wards of 
general hospitals may be prevented by systematically examining all the 
children who are admitted. 

The same procedure has met with considerable success in preventing 
the introduction of diphtheria into Scarlet Fever wards (Chapter XII). 
In all these cases special attention should be directed to persons who 
show any abnormal condition of the fauces or nose, or who are suffering 
from ear discharges. 

When there is reason to suspect the milk supply as the cause of the 
outbreak not only should the same precautions be taken as in other 
outbreaks, but a thorough examination should be made of all persons 
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who are connected with the milking of the cows, and with the dairy, 
and their families. When the distribution of the disease points to the 
infection of the milk during delivery, it would also be desirable to examine 
any persons who had access to the milk after it left the dairy along 
the infected route. 


(4) The isolation of mild cases and infected contacts. 


Almost all authorities have advocated the isolation of persons, who 
are found to be suffering from abnormal conditions of the throat or nose 
associated with the presence of diphtheria bacilli. On the other hand 
while some have advocated the isolation, whenever possible, of all infected 
contacts, even those who show no manifestations of disease, others think, 
that while it is theoretically desirable to do so, this proceeding is im- 
practicable except in those schools in which the scholars reside on the 
premises, hospital wards and certain institutions. Others again appear 
to believe that the danger of infection from such persons is so slight 
that measures to insure their isolation are, in the majority of cases, 
unnecessary. Some of those who take this latter view are not averse 
to the isolation of infected contacts, when isolation can be easily 
accomplished. 

Reference to the beneficial results which have followed on the 
isolation of healthy infected contacts under all conditions, indicates the 
desirability of isolating infected contacts, whenever this can be 
accomplished (see p. 424). 


Infected Families. 


When an infected contact is discovered amongst the children of an 
infected family belonging to the well-to-do class, it is frequently 
sufficient to explain to the parents the danger which the other members 
of the family run from the presence of this child amongst them. 
Arrangements can then usually be made for the isolation of this child 
in some room, until the bacilli have disappeared, and for the adequate 
disinfection of the articles used by him. A person who is not in the 
habit of mingling with the healthy members of the family should, if 
possible, attend on the infected child. Amongst the poorer classes such 
an arrangement is usually impossible both from lack of accommodation 
and from the fact that no one can usually be spared to see that efficient 
isolation is maintained. It is also generally extremely difficult to make 
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the parents understand that all danger has not passed within a 
few days. 

Consequently in such cases home isolation is a mere farce, and an 
attempt should be made to obtain the removal of the child to an 
isolation home, or some place where it can not only be kept from contact 
with other susceptible individuals, but treated with antiseptics in order 
if possible to hasten the disappearance of the bacilli. 

A more serious question arises when it is found that one of the adult 
members of the family is harbouring diphtheria bacilli. In the well-to- 
do classes there is little difficulty in making some satisfactory arrange- 
ment whereby the probability of the younger susceptible members 
becoming infected is very greatly diminished. Amongst the poorer 
classes, however, more difficulty is experienced in deciding how to treat 
these persons. On the one hand the infected person may be a source 
of danger to other adults under certain conditions. There is, for example, 
a grave risk of spreading the disease when the infected person is 
employed in a factory, shop, or other place of business where the 
employees are constantly in close contact or have their meals together. 
On the other hand the children of the family are liable to become 
infected from this individual, and convey the disease to other children. 
Under these circumstances the employer is sometimes willing to allow 
such a person to stay away until he is free from diphtheria bacilli. 
Unless an arrangement of this description can be made, the infected 
individual cannot be compulsorily isolated and the family deprived of 
their means of livelihood. Cobbett (1901, footnote, p. 488) met with 
this difficulty and decided that “it was not expedient, as a rule, to 
examine the parents or bread winners, on account of the impossibility 
of isolating them without provision being made for the support of those 
dependent on them.” 

Wesbrook (1900) had previously suggested in his regulations for 
quarantine in diphtheria that wage-earning members of the families 
should be exempted from isolation as long as they did not remain in 
contact with the infected members. 

If it is decided that it is not desirable to examine parents and bread- 
winners, the risk of some of them being infected and spreading the 
disease has to be borne in mind in investigating the source of infection in 
fresh cases. T'wo instances illustrating the conveyance of the disease by 
infected parents have recently come under the writer's notice. In each 
instance one of the children developed clinical diphtheria, and the other 
children of the family were examined and were found to be free from 
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diphtheria bacilli. In one family two cases and in the other one case 
arose between four and five weeks later. Again on examination the other 
children were found to be free, but in one family the mother, and in the 
other the father, were found to be harbouring virulent diphtheria bacilli. 
The former had also given the infection to a neighbour’s child, which 
she had nursed when it was suffering from the effects of a slight accident. 


Schools. 


In schools, whether large or small, attended by the children of the 
well-to-do classes the isolation of mild cases and infected contacts can 
generally be easily arranged in some of the buildings or rooms of these 
establishments. 

The isolation of such children when found among the scholars of the 
public elementary schools is, however, a more difficult matter. As has 
been pointed out the mere exclusion of these children from the schools 
and the attempt to isolate them efficiently in their homes are somewhat 
unsatisfactory, although considerable benefit has been derived from 
these measures in some instances. It also seldom happens that there 
are any suitable rooms or buildings connected with such schools which 
can be used for the purpose. If, therefore, any attempt is made to check 
the spread of the disease through infected contacts, suitable isolation 
homes ought to be provided for them. In epidemic times a suitable 
house in some more or less isolated position can usually be procured 
and used as an Isolation Home under the direction of properly qualified 
nurses. Such Isolation Homes have been provided at Cambridge 
(1901-4) and Colchester (1901). 


Isolation Homes. 


In every instance in which any form of Isolation Home has been 
used both healthy infected contacts and mild cases of diphtheria have 
been admitted at the same time. 

This association of healthy persons with cases of diphtheria cannot 
be otherwise than dangerous, unless the bacteriologist can be relied 
upon to exclude all but those who are harbouring the true diphtheria 
bacillus. Healthy individuals harbouring the virulent diphtheria 
bacillus are not likely to be harmed by receiving diphtheria bacilli from 
others. This argument does not, however, necessarily apply to those 
persons who are found to be harbouring the non-virulent diphtheria 
bacillus. It may be questioned whether it is necessary to isolate these 
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persons, and whether, if isolated amongst those who carry about the 
virulent diphtheria bacillus, they are liable to catch diphtheria. In 
practice, however, the virulence of the bacillus is only determined after 
isolation has been carried out. The probability of the interchange of 
bacilli amongst the isolated persons may be almost completely abolished 
by the frequent use of antiseptics, and by setting apart particular knives, 
cups, etc. which can be frequently sterilised, for the use of each inmate. 

Under these conditions the experiences of Cobbett (1901) and 
Graham-Smith (1902-4) show that no ill effects are produced by the 
isolation of all these classes of persons in one place. The former (p. 491) 
records some very interesting observations on this subject. Five 
children, harbouring non-virulent diphtheria bacilli, lived in close contact 
for some time in a Home with twelve others, who were infected with 
diphtheria bacilli known to be virulent in the case of eight. This action 
was followed by no bad results, no case of diphtheria or even gore throat 
occurring amongst the healthy persons in the Home. 

“From seven of the persons isolated in this Home, the bacilli were 
twice or oftener isolated and tested for virulence on the guinea-pig. 
The result was striking. Those admitted with a non-virulent diphtheria 
bacillus were never found to have acquired a virulent bacillus during 
their stay in the Home, nor was a non-virulent diphtheria bacillus 
ever found in a child in whom virulent bacilli had once been found. In 
the case of E. J. the bacilli (non-virulent) were isolated and tested 10 
times in the course of the 15 weeks she remained in the Home. During 
five of these weeks her little sister V. J. was with her constantly and on 
three occasions the bacilli were isolated from her and proved fully 
virulent. Moreover from another girl, G. B., who remained in the Home 
almost as long as E. J., diphtheria bacilli were isolated and proved 
virulent no less than six times.” The same evidence, but less strong, is 
afforded by the rest of the seven cases mentioned above. 


Hospitals and Institutions. 


Hospitals, Asylums and various Public Institutions generally afford 
ample facilities for the isolation of infected persons. 


(5) The period during which isolation of convalescents and 
infected contacts ought to be maintained. 


Even up to the present time very diverse views are held as to the 
time during which convalescents ought to be isolated. Judging from 


G. S. GRAHAM-SMITH 407 


certain reports there are some local authorities who allow diphtheria 
patients to return to their homes almost as soon as the clinical manifes- 
tations of the disease have disappeared, while others fix an arbitrary 
time limit from the date of the disappearance of the last symptoms. 
The time most commonly chosen is about four weeks. It is, however, now 
becoming very generally recognised, that such arbitrary time limits, 
although they may cover the period of infectiousness of the majority of 
patients, allow the return to the community of many individuals who 
are still capable of transmitting the disease. 

The only means by which the patients can be proved to be no longer 
dangerous is the bacteriological test. The period of isolation or 
quarantine should therefore in all cases be regulated by the bacterio- 
logical findings. Amongst those who advocate this means of regulating 
the period of isolation, differences of opinion still exist as to the 
significance of the organisms encountered and the importance which 
should be attached to them. While some consider that isolation should 
be continued until the disappearance of the morphologically typical 
diphtheria bacilli, others think that even the typical bacilli lose their 
virulence during a prolonged stay in the throat or nose, and that after a 
time their presence in small numbers is no longer of much importance. 
Numerous investigations have already been quoted (p. 236) which show 
that diphtheria bacilli may retain full virulence for very long periods, 
and consequently without animal experiments there is no ground in any 
given case for considering that their virulence has diminished and that 
their presence may be neglected. Others again hold that diphtheria 
bacilli during convalescence become converted into Hofmann’s bacilli, 
which are capable under unknown conditions of regaining their 
pathogenicity. 

If the views of the latter group were followed patients would have 
to be isolated until the disappearance of all diphtheria-like bacilli. 
Figures, which have been already quoted (p. 205), show how commonly 
Hofmann’s bacilli are found in the secretions of normal persons, and 
reference to many cases given in the following tables (pp. 408—413) 
shows that these organisms may persist for an indefinite time in the 
mouths of convalescents and healthy contacts. 

Further it has been shown that there are many reasons for believing 
that the Hofmann’s bacillus and other diphtheroid organisms are distinct 
species, having no connection with the diphtheria bacillus (Chapter VI). 
It is, moreover, impracticable to isolate many individuals until the 
disappearance of such organisms. In practice, therefore, this method 
cannot be adopted. 
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Most satisfactory results have been obtained by isolating the infected 
persons until the disappearance of morphologically typical diphtheria 
bacilli from the throat and nose, or other situations in which they may 
happen to be found. When the bacilli have persisted for a long period 
and show no signs of becoming reduced in numbers, pure cultures should 
be obtained and animal inoculations made. Should the bacilli turn out 
to be devoid of virulence, and difficulty met with in enforcing isolation, 
the patient may be discharged with the knowledge that non-virulent 
diphtheria bacilli have seldom, if ever, been known to give rise to 
clinical diphtheria or any other lesion, when transferred from one 
individual to another. 

Many observers have taken one negative culture to be sufficient 
evidence for the disappearance of the bacilli and for the remission 
of quarantine, but the need for at least two or three consecutive 
negative cultures, before the patient can with reasonable certainty 
be declared to be free from the bacilli, has been clearly established. 

A negative culture followed by one or more positive cultures, in 
which diphtheria bacilli are found, is of fairly frequent occurrence in 
examinations for release from isolation. The preceding table shows 
the results of the examinations of 112 infected persons during an out- 
break at Cambridge (1904). The nature, the result of each examination 
in regard to the presence of the diphtheria bacillus and Hofmann’s 
bacillus, the period of persistence, and the effect of inoculation ex- 
periments are given in each case. 

Premature misleading negative cultures may be due to several causes. 

In the first place less care is probably exercised in taking the 
specimens than in procuring swabs for diagnosis when the physician is 
most anxious about the case. Then the membrane, which previously 
formed a guide to the proper point, has vanished, and the swab may not 
be taken from that part of the mouth in which the bacilli are present, 
and the bacilli are generally fewer in number. At the particular moment 
when the culture is taken they may have disappeared temporarily from 
the surface of that part of the mucous membrane reached by the 
swab, only those remaining which are ensconced in folds or follicles or 
other inaccessible recesses, from which they may emerge later. 

Wolff (1895) was the first to call attention to the presence of 
diphtheria bacilli in accessory sinuses of the nose. He examined these 
sinuses in 22 fatal cases of diphtheria, and found diphtheria bacilli in 
12 cases. They were discovered once in the frontal sinus, six times in 
seven examinations in the sphenoidal sinus, and twelve times out of 
fifteen examinations of the antrum. 
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Councilman, Mallory, and Pearce (1901) found diphtheria bacilli in 
21 (40°/%) out of 52 cases of inflammation of the antrum, and in 19 
(51°%) out of 38 examples of middle ear disease following diphtheria. 
These observations though made on fatal cases point to the possibility 
of the bacilli lurking in such situations, and subsequently finding their 
way thence into the pharynx. 

Even though the bacilli are present in the throat they may not be 
removed on the swab ; or even if they reach the swab in small numbers 
they may fail to be transferred on to the serum. ‘They may even reach 
the serum and either fail to grow, or be overgrown by other forms. 
Failure to grow may be due to the presence of an antiseptic, if the swab 
has been taken too soon after its application to the throat, or, if the 
medium has not been very recently prepared, to the surface being too 
dry, ete. 

Overgrowth of the colonies of the diphtheria bacillus may be due 
to the presence of numerous other organisms, or more frequently to the 
presence of rapidly growing film-forming bacilli. 

Finally, although present on the culture, the bacilli may not be 
detected owing to the smallness of their numbers or insufficient exami- 
nation (see p. 334). 

Hill (1898) observed that 40°/ of those officially released by two 
consecutive negative cultures yielded single negative cultures followed 
by positive cultures during their course, but states that at the Boston 
City Hospital not more than 3% of diphtheria cases yielded positive 
cultures following two consecutive negative cultures. 

Cobbett’s (1901) records show that in 37 / of cases negative were 
followed by positive cultures. Rickards (1906, p. 27) has stated that 
22, out of nearly 2000 persons released by the laboratory, showed a 
negative culture followed by a positive culture. Many similar observa- 
tions dealing with smaller numbers are to be found in the literature. 

During the last four years the writer has made cultivations from the 
throats and noses of 331 persons, convalescents and infected contacts, 
until the diphtheria bacilli have disappeared as evidenced by three 
consecutive negative examinations. Of these persons 127 (38°3 /) gave 
premature negative followed by positive cultures, many of them on 
more than one occasion. A single negative followed by the finding of 
diphtheria bacilli occurred 112 times, two consecutive negatives 66 
times, and three consecutive negatives 17 times. In one instance four 
consecutive negatives followed by a positive culture were recorded. 

The opportunity but rarely occurs of examining after a period of 
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several months persons who have been released from isolation after 
one or more negative bacteriological examinations. In a few instances 
the writer has been able to make such examinations and the results are 
given in the following table (p. 417). 

The later cultures from 32 out of the 35 cases quoted showed no 
diphtheria bacilli. One of the children in whose throat the bacilli 
were found suffered from a second mild attack, for which no source of 
infection was traced. The other two were again discovered as healthy 
contacts in small outbreaks of the disease. In the first case diphtheria 
occurred amongst the members of the child’s family, and in the second 
amongst the children attending the same school. In both cases it is 
probable that the child mentioned was the source of infection. The 
bacilli derived from both on the second occasion were fully virulent. 

These records demonstrate that in about 40 7/ of cases one negative 
examination is misleading and that even two or three consecutive 
negatives cannot be entirely relied on as indicating the final disappear- 
ance of the diphtheria bacillus. Although it cannot, therefore, be 
claimed that danger is entirely removed by two, or even three con- 
secutive negative examinations, 1t is certainly very much reduced. 

However clearly the risk is realised of allowing convalescent patients 
and contacts infected with virulent diphtheria bacilli to mix with the 
normal population, the practical difficulties of enforcing prolonged isola- 
tion of any kind are often considerable. In the case of Infectious 
Diseases Hospitals, the wards of General Hospitals, Institutions and 
Schools, attended by the children of the well-to-do classes, little difficulty 
seems to have been encountered by most investigators. 

The most serious opposition is likely to be encountered in dealing 
with isolated cases in adults and outbreaks amongst the scholars of the 
public elementary schools. 

In the first case both the patient and the physician not unnaturally 
become impatient when the bacilli persist for an unusually long time. 
The former frequently fails to understand that he can still be a source 
of danger long after all symptoms of the disease have disappeared and 
when he appears to be in perfect health, and the latter chafes also under 
what he or his patients sometimes regard as an implied reflection on his 
skill, the delay in official release after he has declared the patient fully 
recovered appearing as a reversal of his decision. This idea is based on 
a misconception so obvious and simple that it would be unworthy of 
mention were it not so widespread. The procedure to be adopted in 
cases of this kind must of necessity depend on the circumstances in each 
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Original period Date of later Result of later 
Number Bacilli of persistence examinations examinations 
Clinical Cases. 
il Virulent 18 days 5 months Negative. 
10 ” 
2, ‘ 27 ,, {i3 g : 
10 ” ” 
3. - BW x Zeer “y: 
Li 2? ” 
4, 7 Lois i Os ” 
5. ” 8 ” 18 ” ” 
6. Not tested 21 10s of 
7. Virulent Q4 ,, { Aaa ” 
8. % LOM: 19 : : Bacilli present?. 
Sh 55 Zi 200s Negative. 
10. Not tested AW fear 2 ee Es 
EE Virulent 62 ,, PAL oe 9 
Infected Contacts. 
12. Virulent 2Ous; PE eee ” 
10S} Non-virulent BW) a 24585 35 
Ae Bacilli present?. 
14. Virulent AT. Das ” 
23s. Negative. 
15. 3 40 ,, Daas: ” 
16. i BM) inp ay ” 
ve Non-virulent ee Olta ” 
18. ” 8 ” 8 9 ”? 
‘aes Bacilli present ?. 
19, Virulent oT, r 38 pious 
th pe ” 
Fe > ” 
20. Not tested 2 Ogee 9 
LO Rees 3 
21. Virulent 33 Cy, Lia ” 
(as ~~ 
10 ” ” 
oh i ao Hs 11 9 ” 
Lae: ” 
23. ” 60 +e) 17 + 7 
24. re ? Lae ” 
PAR. Non-virulent Seo Ns ” 
26. Not tested 21 eee lagers: 9 
7. ; 30 ,, es 2 
28. r 9» 135 x x 
29. Non-virulent IPD ay. LO ee: 5 
fl; 
30. ” 52 ced | 25 , ” 
20 ” ” 
Bal Virulent 48 ,, 20 Kees, ” 
49 Te; +) 
oo. Non-virulent ? PAU ” 
33. Virulent PAW oy. 155 a . 
9? ” 
34. -! 41"; 22s, ” 
ee ” 24 re) 30 ? ” 


1 Suffered from a second mild attack of diphtheria. No known cause of infection. 

? Bacilli were still present when the patient was released. Four months after he 
developed the disease three cases occurred in his family. 

% An outbreak occurred in the school attended by this child. Virulent bacilli, which 
lingered 33 days, were found in his throat. The disease broke out amongst his immediate 
neighbours, and he appears to have been the source of infection. 


N. D. 
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instance. If the patient’s employment brings him into close contact 
with school children, or persons of susceptible age, it is clearly necessary 
to use every means to convince him of the necessity for keeping away 
from his work, until diphtheria bacilli can no longer be found. If on 
the other hand his employment is such that the probability of his 
spreading the disease is:slight, it may be a mistaken policy to insist too 
much on his continued isolation, for by this action general objections 
may be aroused to the procedure in cases in which isolation is more 
necessary. 

In the case of outbreaks of diphtheria amongst the scholars of the 
public elementary schools considerable difficulties may be encountered 
in efficiently isolating, and more especially in keeping isolated, the 
infected contacts and mild cases until free from infection, unless some 
plan of action has been arranged. In this case again compulsion may 
be fatal to success. Nothing can be done unless the people back up the 
measures. On the discovery of such cases the measures which have 
been arranged should be explained to the parents, and an attempt made 
to induce them to allow the infected children to be satisfactorily 
asolated, until proved to be free from bacillc by three consecutive 
negative bacteriological examinations. When diphtheria is prevalent 
the failure now and again to isolate and keep isolated a person in whom 
diphtheria bacilli have been found is not of great importance. 

It is clearly impossible to bacteriologically examine everybody who 
may have by some chance caught the bacillus. And since some such 
persons must inevitably remain at large, one more or less will not greatly 
signify. 

Nevertheless it is worth while taking a considerable amount ot 
trouble, if we can only isolate a good proportion of these infectious 
persons, or at any rate. keep them from school. That it is possible even 
in considerable outbreaks to carry into effect the measures which have 
been advocated, namely the examination of most persons who are likely 
to have come into contact with cases of diphtheria or infected persons, 
and isolate those who are discovered to be harbouring diphtheria bacilli, 
until evidence has been obtained by three consecutive negative bacterio- 
logical examinations of the disappearance of these bacilli, has been 
proved by the experience of the Colchester and Cambridge outbreaks 
(p. 427). In these outbreaks the hearty cooperation of the medical 
practitioners, school authorities, and the majority of parents was obtained, 
when the principles of the measures which were being undertaken had 
been explained to them. Wesbrook (1905) in Minnesota has also 
carried into effect similar measures in a number of instances. 
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This applies only to times when diphtheria is prevalent: at other 
times when none but sporadic cases occur it is possible no doubt to 
examine every contact, and very desirable to isolate all infected persons 
until free from diphtheria bacilli. 


(6) Records relating to the persistence of diphtheria bacilli 
in the throat and nose, etc. 


Some statistics have already been quoted (p. 286) showing that 
diphtheria bacilli may persist, and retain their full virulence, in the 
throats and noses of convalescents long after the disappearance of all 
clinical symptoms. Far longer periods of persistence have, however, been 
recorded by observers, who have only taken into consideration the 
morphological appearances of the bacilli. The following table shows 
the longest periods of persistence recorded by a number of workers. 


Table showing the longest periods during which diphtheria bacilli have been 
Sound by various observers to persist in the secretions after an attack 


of diphtheria. 


Observer No. of days Observer No. of days 
Prip (1901) a OOO Russell (1899) 500 soa | EY 
Meyer (1898) a we OT Graham-Smith (1904) ee 22 
Le Gendre & Pochon (1895)... 458 Wesbrook (1905) ... ea LOG 
Fibiger (1897) ee sn, Ake Cobbett (1901) sch LOS 
Schafer (1895) ests ... 230 Minnesota (1900) ... aoe See 
Woodhead (1901)... can PAK Miiller (1897) aes Botte HHA 
Belfanti (1894) ie ee lO Abel (1894) ee cote OD 
Dowson (1893) te eeOO Washbourn & Hopwood (1895) 63 
Massachusetts (1900) so) ated) Martha (1895) 5c Bee WN 
Macgregor (1898)... noo LEB) Glucksmann (1897) eoreELO 
Park (1900) Sas Poo: Sevestre & Mery (1895) fe 49) 
Williams (1896)... PLO. Symes (1895) nde PED 
Jensen (1897) Bae coo) dls: Gladin (1895) ack ae aD 
Hewlett (1896) ate tee Lod. 


Although exceptional cases such as these come under the notice of 
nearly all observers, diphtheria bacilli as a rule can no longer be found 
after a few weeks, and in many cases even a few days after the 
disappearance of the local lesions. The mean period of their persistence 
varies to some extent according to the observations of different workers. 

Woodhead (1901) during 1895-6 examined a large number of cases 
treated at the Metropolitan Asylums’ Board Hospitals, and found that 
the mean period of persistence was 51 days. In his tables he differentiates 
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Table showing the persistence of morphologically typical diphtheria 
bacilli in the secretions’. 


Period in Massachu- : 
days of setts Board Wes- ; Minnesota 
persistence Wood- of Health brook Prip Board of Glucks- Scheller . 
of bacilli head (1896—1905) (1900) Park (1901) Health mann (1905) Tobieson Total 
1—5 _ 66 — 304 — — 3 = 10} 1073 (11:8) 
5—10) 229 65 — 176 118 17 —_ 75 10) 
11—15 — 400 {lr 100 — 23 26 264 it 1846 (19:8) 
16—20 353 518 27 - 106 23 — — 1 
21—25 — 271 oe 12 — 57 29 119 “at 1825 (19°8) 
26—30 710 490 22 4 51 48 11 — — 
31—35 — 304 10 _ — — 9 62 a 1494 (16-3) 
36—40 947 140 — — 20 21 — — — 
41—45 —_ 47 — — —_ — 4 35 a 1023 (11-2) 
46—50 851 78 —_— — — 6 2 — — 
51—55 — 8 os — = —_ — 26 = 653 (7-2) 
56—60 526 39 a 2 41 11 — a — 
61—70 375 35 — — 11 — — 18 — 428 (4:7) 
71—80 249 17 —_ — a — = —_— — 266 (2:9) 
81—90 170 11 — — 4 _ —_— — —_ 185 (2-0) 
91—100 107 8 = as os “= = 8: ee 125 (1-4) 
101—110 81 4 — — 6 — a = es 85 (9) 
111—120 69 1 — — 2 — — — — 72 (-8) 
121—130 30 —_ — — 5 — — —_ —_— 30 (°3) 
131—140 16 2 — = = —_ = = pet 18 (-2) 
141—150 11 1 — — — — — = — 12 (13) 
151—160 5 — — — Be —— — —= = 5 (-05) 
161—170 7 = = = — — — — _ 7 (-07) 
171—180 2 —- — — — — — — os 2 (-02) 
181—190 2 1 — = —— sa == — — 3 (:03) 
191—200 2 — — _ — = -- — — 2 (:02) 
201—210 2 — —— ae — — — — — 2 (-02) 
Over 210 33 
4744 2506 87 598 309 208 84 607 24 9080 
Mean 51:2 28:0 29 6:6 24°7 26°8 24°8 20°9 8:4 38-4 


between patients treated with and without antitoxin, but no appreciable 
difference was observed between them. No other recorded observations 
show such a long mean period of persistence, the longest being 29 days 
and the shortest 6°6 days. 

The figures given by several authorities, most of whom regarded one 
negative examination as sufficient evidence of the disappearance of the 


1 Some of these observers took one negative examination as sufficient evidence for the 
disappearance of the bacilli and some two consecutive negative examinations. 

2 In 12 cases the bacilli disappeared after the 35th day of the disease. 

3 Over 8, 11, and 22 months. Two sets of observations by Prip are included. In one 
set the figures are given in months, 
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bacilli, are summarised in the preceding table, p. 420. These records 
very conclusively demonstrate the impossibility of choosing any time 
limit by which a patient might with any reasonable certainty be 
considered free from infection. 

The records which are quoted above refer only to the microscopical 
examination of cultures taken from convalescent patients. They show 
that in three weeks about 30 Y of patients are free from morphologically 
typical diphtheria bacilli. In 20°% the bacilli persist for four weeks, in 
16% for five weeks, and in 11% for seven weeks. One per cent. 
harbour them for 15 weeks, and in exceptional cases they remain in 
the throat for thirty weeks, though even more prolonged periods of 
persistence are recorded. 

It is of considerable interest to inquire whether any difference 
exists between the periods of persistence of virulent and non-virulent 
bacilli in clinical cases and contacts respectively. On these points the 
number of observations is very limited, and no marked differences are 
to be seen. The following table has been constructed from Cobbett’s 
(1901) published observations and the writer’s (published and unpub- 
lished), and includes only the records relating to cases in which three 
consecutive negative cultures were eventually obtained, and in which 
the bacilli were tested for virulence. 


Notified cases Infected healthy contacts 

Period of persist- == 

ence of bacilli Bacilli Bacilli Bacilli Bacilli 

in days virulent non-virulent virulent non-virulent 

1—5 2 2 — 1 
6—10 6 1 7 7 
11—15 5 4 6 17 
16—20 8 — 3 5 
21—25 10 il 6 — 
26—30 12 2 5 2 
31—35 6 — 2 3 
36—40 2 — 2 2 
41—45 2 — 4 1 
46—50 2 4 1 
51—55 if 1 1 3 
56—60 4 — 3 1 
61—70 3 = 3 1 
71i—80 1 — 1 — 
81—90 2 — 3 — 
91—100 i — — — 
101—110 —- _ — 2 
67 al 50 46 


Mean period 31:6 days 18°5 36°4 30°0 
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Certain persons were notified on very slight clinical grounds because 
diphtheria bacilli were found on bacteriological examination, but none 
of them suffered from typical diphtheria. The majority of the figures 
in the second column refer to such cases. 

Persons harbouring virulent and non-virulent bacilli and clinical 
cases and contacts are separately considered. 

According to the observations of Meikle (1906) the duration of the 
persistence of the bacilli is not appreciably affected by season, sex, age, 
number of days ill before admission, the amount and position of the 
membrane, the amount of antitoxin given, or the date of disappearance 
of the membrane. 

The various statistics which have been quoted prove that diphtheria 
bacilli may persist for very long periods in the throats and noses of 
both convalescent patients and infected contacts, and retain their full 
virulence. They also show that in any given case it is impossible 
to foretell how long they will persist. Isolation for fixed periods of 
time can therefore be of little value, and gives rise to a false sense 
of security. 


(7) Attempts to hasten the disappearance of the bacilli. 


Since the discovery was first made that diphtheria bacilli remain in 
the throat after the clinical lesions have disappeared, efforts have been 
directed towards hastening their departure by the application of 
antiseptics. Great numbers of prescriptions have been recommended 
for use in various forms, as sprays, gargles, inhalations and as direct 
applications to the lesions. All these various methods and formulae 
have their advocates who consider that by their means the duration 
of the persistence of the bacilli is shortened, at least in many instances. 
During the last four years many of the methods which have been recom- 
mended have been given prolonged trials, but none have been found 
which give uniformly satisfactory results. In some instances good results 
seemed to follow, in others this was certainly not the case, and the writer 
has come to the conclusion that by antiseptic treatment the duration of 
the stay of the bacilli is not materially affected. Meikle (1906, p. 524) 
has recently made extensive observations on this subject, and gives the 
results in tabular form. He states that “no one antiseptic seems to be 
much’ better than another.” Several other observers have also arrived 
at the same conclusion. 

Some form of antiseptic treatment is however desirable for several 
reasons. In the first place the duration may perhaps be shortened 
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in some cases, and in the second the patients and their friends 
are better satisfied if some attempt is apparently being made to 
shorten the period of isolation. Thirdly, the application of anti- 
septics probably hinders the multiplication of the bacilli on the mucous 
surfaces, and also diminishes their vitality outside the body. Conse- 
quently the treatment, although it is unable to affect the bacilli, 
which are present in the crypts of the tonsils and other out-of-the-way 
situations, and therefore does not reduce the period of infectivity of the 
patient, is of benefit in limiting the power of infecting others, by its 
action on the superficial bacilli. 

When swabs are taken from patients undergoing such treatment an 
interval of several hours ought to elapse between the application of the 
antiseptic and the taking of the swab, in order to allow the bacilli which 
are lurking in the crypts, etc. to regain the surface, and to prevent 
any recently applied antiseptic producing an inhibitory action on the 
culture. 

It has occasionally been noticed that after an inflammatory lesion 
due to some other agent than the diphtheria bacillus these organisms 
disappear from the throats of healthy infected persons. In the case 
of a man, in whom the bacilli persisted in a few large crypts for an 
unusually long time after an attack of diphtheria, an attempt was made 
to hasten their departure by the application of irritants to these crypts. 
By means of small bent swabs small quantities of mustard oi] were 
applied on several occasions to each of the enlarged crypts. This 
procedure resulted in an acute inflammatory process in the superficial 
portions of the crypts, but the bacilli nevertheless persisted in the 
deeper portions. 

Wassermann (1902) has tried the experiment of giving tabloids made 
from the serum of horses immunised against several strains of living 
diphtheria bacilli. He claims to have been successful in hastening the 
disappearance of the bacilli by this method. 

L. Martin (1903), by injecting the bacillary bodies intravenously or 
intraperitoneally into horses, obtained sera with marked agglutinating 
properties. He claims that this serum has, when applied locally, the 
property of causing a rapid decrease in the number of living bacilli 
in the throat. The best results are obtained by incorporating the dried 
serum with gum, and using the remedy in the form of pastilles, 

In many instances the removal of enlarged tonsils, adenoids or nasal 
growths, which provide the bacilli with situations where they may 
multiply unharmed by antiseptic applications, might be of great benefit 
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in hastening their disappearance. Pegler (1905) stated that “he had 
several times found that the cause of this lingering presence of bacilli 
could be removed by carefully extirpating by means of morcellement 
every trace of unhealthy tonsil tissue in which crypts could be dis- 
covered.” In other cases he had found adenoid, or naso-pharyngeal 
tonsillar tissue to be the offending cause of the trouble. 


(8) The results of the tsolation of convalescents, mild cases, and infected 
contacts until the disappearance of diphtheria bacillr. 


(a) Families. 


Park (1894) investigated the throats of the members of 14 infected 
families in which there were 48 children. In 50°/ of these virulent : 
diphtheria bacilli were found ; 40'/% developed later, to a greater or less 
extent, the lesions of diphtheria. It is noted in Park’s paper that, 
in these families, the conditions were the best possible for the trans- 
mission of the bacilli from one to the other. In families where the 
case of diphtheria was well isolated, the bacilli were found in less than 
10% of the children. 


(b) Schools. 


One of the first attempts to stamp out diphtheria by the isolation 
of infected contacts was brilliantly successful. The credit is due to 
Fibiger (1897), who dealt with an outbreak in a gymnasium at Herlrifs- 
holm in the Island of Zealand. In December 1894 there were three 
cases of diphtheria. Then came the Christmas holidays, during which 
the rooms, bed clothes, etc., of the patients were twice disinfected before 
the school reassembled. The scholars returned on January 7th, and on 
the 18th, a case of diphtheria occurred, quickly followed by five others. 
A bacteriological examination of all the healthy persons (184) was 
undertaken, with the result that diphtheria-like bacilli were found in 22. 
Further investigations were made to differentiate between the true and 
pseudo-diphtheria bacilli. It was then found that those (10)who harboured 
the true diphtheria bacilli were children who shared the same rooms as 
the diphtheria patients, and as a rule were the next neighbours. One 
of these children had suffered from the disease in December, but had 
recovered. One case occurred in a class which had not been affected, 
and it turned out that the brother who belonged to another class had 
carried the infection. 
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After the isolation of the diphtheria bacilli-carrying individuals no 
cases occurred for 14 years. Some of these infected contacts retained 
the bacilli for long periods ; in one case virulent bacilli being found for 
nine months. 

Gabritschewsky (1901) on two occasions checked outbreaks of diph- 
theria in large schools by the examination of the scholars, and the 
isolation of all in whom diphtheria bacilli were discovered. 

Burnett’s (1900) case, which has already been quoted (p. 311), affords 
an excellent example of diphtheria reintroduced into a school by a 
convalescent patient. In this case the patient was thought to be free 
of diphtheria bacilli, but they were again found after his return to 
school. Peck (1901) also gives an instance illustrating the reintro- 
duction of the disease by a contact. In a school with 50 boarders 
and 50 day scholars two boarders were found to have sore throats 
on October 5th. Swabs were taken and diphtheria bacilli discovered. 
The day scholars were immediately dispersed, and one boarder (A. B.) 
was allowed to go home on the understanding that she was not to 
return till bacteriologically free. A third case occurred on October 
Sth. All the persons in the house, including the boarders, teachers, and 
servants were then examined, and all but two were found to be free 
from diphtheria bacilli. The three cases and two infected contacts were 
isolated. 

On November 5th all the scholars reassembled and all were bacterio- 
logically free. A. B. returned on November 12th but went home on 
November 16th, and on November 19th developed diphtheria. It was 
then ascertained that she had not been examined, but had been using 
an antiseptic spray. On November 18th five boarders were suffering 
from slight ailments and three were found to have diphtheria bacilli ; 
swabs from the rest of the school showed 28 children harbouring the 
bacilli. 


(c) Institutions. 


Berry (1900) gives a very interesting account of an outbreak of 
diphtheria at the London Orphan Asylum in 1898, which was arrested 
by the examination of the children and the isolation of those infected. 
At that time there were 350 boys and 200 girls in the Asylum, 
who were kept apart, and except at the Summer and Christmas 
holidays had little communication with the outside world. A case 
of true diphtheria occurred amongst the girls shortly after the Christ- 
mas holidays (Feb. 25th). A series of mild sore throats followed till 
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March 27th, when another case of clinical diphtheria occurred. At the 
same time three children with sore throats were found to be harbouring 
diphtheria bacilli, and were isolated. Nevertheless numerous cases of 
sore throat followed until April 30th, when five children developed 
diphtheria. At this time there were 76 cases of sore throat. Washbourn 
then examined all children (142) showing any abnormality of the throat, 
and discovered diphtheria bacilli in 19 of them. These children were 
isolated and not allowed to mix with the healthy girls until free from 
diphtheria bacilli. From that time no further cases of diphtheria or 
sore throat occurred. 

Wesbrook (1905) records the successful treatment of an outbreak 
amongst the inmates of the State School for the Deaf at Faribault in 
which unusual difficulties had to be overcome. Twenty clinical cases 
were under treatment amongst the 280 inmates when the measures 
were put into force. All persons connected with the institution were 
examined and all infected individuals, who included 28 yh of the children, 
isolated. All who showed suspicious bacilli (other types than D, C, or A) 
were re-examined, and if they failed to show D,C,or A on the second 
examination were released. ) 

The infected individuals were not allowed to mix with the others until 
three successive negative throat and nose cultures had been recorded. 
Only two new clinical cases occurred after the measures were put into 
force and the disease was effectually eliminated, although there were 
many difficulties incidental to overcrowding, some difficulties in instruct- 
ing the pupils, and some due to the facts that the pathological conditions 
of the nose and throat which originally gave rise to the deafness were 
favourable to diphtheria infection, and that the use of the sign language 
employed increased opportunities for infection from the hands. 


(d) Hospital wards. (See also Chapter XIL.) 


Garratt and Washbourn (1899) from their observations at the 
London Fever Hospital from March 1896 to December 1898 come 
to the conclusion “that post-scarlatinal diphtheria is due to the intro- 
duction of unrecognised cases of diphtheria into scarlet fever wards, 
and that this can only be obviated by systematic bacteriological exami- 
nations of all cases on admission and by the separation of those in 
whose throats diphtheria bacilli are found.” They considered that 
Hofmann’s bacillus had no connection with diphtheria, and did not 
separate persons showing this organism. 
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These observers succeeded in producing a great reduction of post- 
scarlatinal diphtheria by isolating those cases in which diphtheria bacilli 
were found (see p. 439). 

Soerensen (1898) had in the previous year called attention to the 
rapidity with which diphtheria bacilli spread amongst scarlet fever 
patients, when a case of diphtheria or persons infected with diphtheria 
bacilli are introduced into a ward. 

Hutchens (1906) records an outbreak of diphtheria in a scarlet-fever 
ward. On examining the throats of all the inmates diphtheria bacilli 
were found in 23°/ and Hofmann’s bacilli alone in about one-half the 
remainder. “The former were all isolated, and no further cases occurred.” 

The instance given by Cuno (1902) of diphtheria spread in wards 
by a sister harbouring virulent diphtheria bacilli has already been 
quoted (p. 316). On the discovery of this fact and the isolation of the 
sister the outbreak came to an end. 

Peters (5. vill. 1907) completely checked an outbreak amongst the 
members of the staff of the Nottingham General Hospital by the 
isolation of infected contacts. 


(e) Towns. 


Two remarkable instances of the effects of efficient examination and 
quarantine in dealing with considerable outbreaks are given in the 
Report of the Massachusetts State Board of Health (1900). At 
Waltham on the opening of the schools an epidemic began which 
spread to all sections of the city. In November there were at one 
time 50 cases, and several new cases were being reported daily. The 
throat of each school child in the city was examined and cultures taken 
from all suspicious cases. By this means 22 children were found to 
be suffering from mild diphtheria. “These children were isolated and 
kept in quarantine until cultures showed them to be free from infection. 
The effect of this procedure upon the spread of the epidemic was soon 
apparent, and before the Christmas vacation the number of new cases 
was comparatively small.” 

At West Springfield during the last five months of 1899, 29, 44, 37, 
25 and 24 cases had been notified, and 18 cases occurred in January 
1900. Quarantine, until cultures showed the absence of diphtheria 
bacilli, was advised by the State Board of Health at the beginning 
of February. Only two cases occurred in February and none in March. 

Cobbett (1901) in 1900 dealt with a serious outbreak of diphtheria 
at Cambridge by the examination of contacts and the isolation at 
an Isolation Home of almost all those found to be infected. Prophy- 
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lactic injections of antitoxin were also given to a considerable number 
of the latter. The outbreak soon subsided after these measures had 
been put into operation. He emphasises the fact that diphtheria bacilli 
were only found in actual cases of diphtheria, or among those who had 
come directly into contact with such cases. A recurrence of the 
disease in the spring of the following year was also similarly treated. 

Cobbett (23 x1. 1901) considers “that the duty of discovering, 
isolating and disinfecting the former class of persons (infected con- 
tacts) is becoming more and more the urgent duty of the sanitary 
authority. For the fact that they are not scattered broadcast through- 
out the community as was once supposed, but are confined to the class 
of persons conveniently called ‘contacts, renders their discovery a 
practical possibility and offers a fair prospect that at least the great 
majority of them may in the near future be subjected to isolation and 
antiseptic treatment with immense advantage to the public health.” 

Exactly similar measurcs were employed in combating a widespread 
outbreak of diphtheria at Colchester in 1901 by Graham-Smith (1902), 
but in this instance a very large number of cases had occurred before 
the measures were put into force. 

The accompanying chart (p.429) illustrates better than any description 
the success of the system. As may be seen in spite of the closure of the 
schools on June 15th, six cases a week on the average continued to be 
notified for 18 weeks up to October 19th. By this date all the probable 
contacts had been examined and the infected children quarantined. 
The result was that, in spite of the re-opening of the schools at a time 
of year when diphtheria might be expected to increase, the disease 
almost completely disappeared. A small outbreak occurred at the 
Kendall Road School, which was immediately stamped out by the 
re-examination of this school. Three other cases of true diphtheria 
also were notified during the remaining 10 weeks of the year. 

In 1903 Graham-Smith (1904) again employed the same measures 
in an outbreak at Cambridge. In this case the disease occurred amongst 
the scholars of certain schools (3) and amongst the inmates of certain 
institutions (8). Each of these outbreaks was successfully dealt with in 
turn’. 

Wesbrook (1905) reports several widespread epidemics most success- 
fully combated by following up and examining all cases, and all rumours 
and suspicions of possible cases. He also examined all school children, 
and excluded from school each child and each teacher who showed 


1 See Tables, pp. 408—413. 
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diphtheria bacilli, until he and all his family were found free from 
infection. In 1900 Park Rapids, a town of almost 1000 inhabitants, 
was badly infected, not only school children, but adults being attacked. 
As a result of the measures taken “diphtheria disappeared under 
the conditions and at the time of year when there was every reason to 
expect its increase. The willing co-operation of the Town Council, 
School Board and general public was easily secured and retained.” 

“Similar methods have been employed and comparable results 
obtained in a number of other places, notably Grand Rapids, Benson, 
Bowerville, Duluth, Robbinsdale, Heron Lake, etc.” He concludes by 
observing that “in Minnesota public sentiment supports such methods 
and at times demands them.” 

The sudden cessation of considerable outbreaks without the appli- 
cation of such measures has frequently been noticed, and the fact has 
occasionally been used as an argument against the necessity for their 
application. 


The Prophylactic Injection of Antitoain. 


Several investigators have claimed excellent results from the pro- 
phylactic injection of antitoxin into the healthy members of infected 
households and into “infected contacts.” There can be little doubt 
of the value of this treatment of persons exhibiting symptoms, which 
may be due to commencing diphtheria, in whose throats and noses 
diphtheria bacilli have been demonstrated. Except under certain 
conditions the injection of healthy infected contacts can scarcely be 
recommended in considerable outbreaks. Although a certain number 
of these persons do develop clinical diphtheria some days after the 
bacilli have been discovered in their throats, the majority show no 
symptoms of the disease. The attempt to inject all the infected 
contacts adds greatly to the labours of the workers, and is always liable 
to arouse opposition, not only to prophylactic injections, but to the 
measures in general amongst ignorant or prejudiced parents, especially 
if the children suffer any temporary inconvenience. The expense is 
ulso necessarily heavy and falls on the sanitary authority. A further 
and more serious objection to the practice is that it leads to a feeling of 
false security. The injected individuals do not often contract diphtheria, 
but nevertheless retain the bacilli in their throats as long as those who 
have not been injected, and unless carefully isolated are lable to act as 
carriers of the disease. Instances are also recorded (Jump, 1902, etc.) of 
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persons who have received prophylactic injections developing the disease 
weeks after infection without reinfection. Peters (1907) found that 
seven out of 21 infected contacts, who received prophylactic doses 
of antitoxin (500 units), developed diphtheria within three weeks. If 
all the infected contacts that are known are under supervision, and 
instructions have been given to the parents or guardians immediately to 
notify any ailments amongst them to the medical authorities, prophy- 
lactic injections are unnecessary, since antitoxin can be at once given 
on the occurrence of suspicious symptoms. On the other hand 
prophylactic injections of antitoxin ought to be given in cases where 
medical attendance cannot easily be procured and the parents are likely 
to await the development of a serious condition before sending for the 
medical man. 


Summary of Chapter XT. 


The same general preventive measures are employed in dealing 
with outbreaks of diphtheria as in combating other infectious diseases. 
The measures include the notification of all persons suffering from 
typical and atypical forms of the disease, and their efficient isolation, 
and the disinfection of all articles used by them. Most authorities 
consider that healthy persons, found to be harbouring diphtheria bacilli, 
should not be notified but treated separately. During outbreaks the 
public elementary schools are generally closed, but this ought to be 
preceded by the bacteriological examination of the children. Special 
preventive measures based on bacteriological findings are now frequently 
employed, especially in the case of schools, hospital wards and institu- 
tions, and have also been successfully used in dealing with larger 
outbreaks in towns. ‘These measures include the bacteriological 
examination of all suspected cases, and of those who have come into 
contact with them, and the isolation, or at least exclusion from 
intercourse with the susceptible members of the community, of all 
found to be harbouring diphtheria bacilli. Isolation should be enforced, 
whenever possible, until the bacilli have disappeared as evidenced by at 
least two, and if possible three, consecutive negative bacteriological 
examinations. Occasionally the bacilli persist for very long periods 
of time, particularly in persons with large tonsils, etc. None of the 
numerous antiseptic applications, which have been employed, have 
proved very successful in hastening their disappearance. Except when 
combined with efficient bacteriological examinations indiscriminate pro- 
phylactic injections of antitoxin cannot be recommended. 


CHAPTER XII. 


POST-SCARLATINAL DIPHTHERIA. 


The prevalence of post-scarlatinal diphtheria. Origin. Treatment in the 
same hospitals of scarlet fever and diphtheria. Introduction of unrecognised 
cases. Results of bacteriological examinations. Spread of diphtheria in scarlet- 
fever wards. Prevention. 


The Prevalence of Post-scarlatinal Diphtheria. 


THE liability of scarlet fever patients to develop diphtheria has long 
been known, and the literature relating to the connection between the 
two diseases is very extensive. Although patients suffering from 
diphtheria may subsequently develop scarlet fever, or both diseases 
appear simultaneously in one subject, in the great majority of instances 
in which these two diseases occur in the same patient diphtheria 
follows the attack of scarlet fever. 

Numerous recent English and foreign statistics show that scarlet 
fever patients treated in hospitals are liable to develop diphtheria in 
greater or less numbers, and their liability to this complication is 
universally recognised. Consequently it seems unnecessary to give at 
length the figures relating to this subject. 

For several years returns have been made by the hospitals of the 
Metropolitan Asylums Board on the subject of this complication. 
Previous to 1895 only cases of scarlet fever which showed clinical 
diphtheria, having membrane on the fauces or exhibiting laryngeal 
symptoms, were designated post-scarlatinal diphtheria; since that year 
all cases of secondary throat illness associated with the diphtheria 
bacillus have been returned as diphtherial, including those which would 
from the clinical appearance alone have been regarded as simple 
tonsilitis. 

In the year 1895 there consequently appears a sudden and large 
increase in the incidence of secondary diphtheria among the patients in 
the scarlet fever wards of these hospitals. 
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1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 
Scarlet fever cases , 
stnpleted } 5,444 11,326 14,867 12,637 10,422 15,054 15,250 12,771 13,327 10,749 
Padasldiphiheriat 99 217 207 4210 453 +705 796 661 692 405 


Percentage incidence 1°8 1:9 1:3 16 4:3 4:6 5:2 51 5-1 3°7 


Pugh (1902) worked out the seasonal incidence of these cases for the 
five years 1896-1900. He states that “if the number of cases of post- 
scarlatinal diphtheria, developing in each month in the five years under 
consideration, be averaged and corrected for the mean daily number of 
scarlet fever patients under treatment in each of these months, it will 
be found that the incidence of this complication does not follow the 
seasonal variation of diphtheria in the Metropolis, nor does it appear to 
depend on whether the hospitals are full or the reverse.” 

“Tn calculating the incidence of post-scarlatinal diphtheria on the 
the number of patients discharged and dead an important correction is 
necessary. Returns made in the years 1899 and 1900 show that the 
patients treated to recovery or death in the Board’s town institutions 
(acute hospitals) have been in hospital about 68 days on the average, 
while patients who have completed their recovery or died at the conva- 
lescent hospitals have been, on the average, 31 days at the town hospital 
and about 48 days at the convalescent institution. If the calculation be 
made on ‘patient days’ (on the ‘ foot-pound’ principle), it will be found 
that the liability to post-scarlatinal diphtheria at the convalescent 
hospitals is about two and one-third times as great as at the town 
hospitals.” 


The origin of post-scarlatinal diphtheria. 


Pugh (1902) recently discussed the origin and mode of dissemination 
of post-scarlatinal diphtheria in the Metropolitan Asylums Board 
Hospitals, basing his conclusions on own observations, the statistics of 
the Board, and the previous literature. This section, in which the 
principal reasons are considered which have been suggested for the 
occurrence of secondary diphtheria in scarlet fever wards, is mainly 
based on this author’s paper. 


(1) Sanitary defects. 


“As advances have been made in our knowledge of the bacterial 
origin of diphtheria, the belief, once generally held, that defective 
drainage played an important part in disseminating this disease has 
gradually waned, However, it may be as well to recall that Sweeting 
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in 1893, investigated this point in connection with the Board's hospitals, 
and found that post-scarlatinal diphtheria had prevailed in like degree in 
hospitals with ventilated and in those with unventilated soil-pipes; in 
hospitals with automatic flushing apparatus, and in hospitals without 
such appliances; in hospitals with elaborate systems of ventilation and 
disconnection and in hospitals where these were of the most meagre and 
incomplete kind. In fact, the diversity was so great that no common 
factor of drainage defect could be pointed to as explaining the long con- 
tinued yearly recurrence of this condition of post-scarlatinal diphtheria.” 


(2) The treatment in the same hospital of the two diseases. 


“Tt is but natural that a layman, unacquainted with the administra- 
tion of a fever hospital, should, when he hears that his child, con- 
valescent from scarlet fever, has developed diphtheria, forthwith 
concludes that infection has been derived from cases of diphtheria 
treated in the same hospital.” This opinion has to some extent been 
shared by members of the medical profession. 

Now if, as supporters of this theory have held, the treating in the 
same hospital of the two diseases is the main cause of post-scarlatinal 
diphtheria, one would expect it to be of comparatively rare occurrence 
in hospitals reserved entirely for the treatment of scarlet fever. That 
this is not so is evident from the experience of the North 
Eastern and Gore Farm Hospitals. The former during the five years 
1896-1900 received only patients certified to be suffering from scarlet 
fever, but 160 cases of secondary diphtheria occurred, while at the latter, 
which during 1897-8 received scarlet fever convalescents only, 273 cases 
of diphtheria were recorded. 

This point is further emphasised by a comparison of the incidence of 
post-scarlatinal diphtheria at the Northern Hospital and Gore Farm 
during the years 1896-8. At the former convalescents from both 
diseases were admitted and at the latter only scarlet fever convalescents, 
yet the incidence of post-scarlatinal diphtheria in the two institutions 
was almost identical, namely 4'9 / at the former and 4°5 Y at the latter. 

Pugh (1902, p. 292) remarks that “it may, therefore, be regarded as 
proved, so far as statistics are able to help one, that the aggregation 
upon the same site of the two diseases is not an important factor in the 
etiology of post-scarlatinal diphtheria. Indeed, since diphtheria spreads 
solely through intimate contact with the source of infection, it can 
extend to the scarlet fever wards only in consequence of imperfect 
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separation of the convalescents or through conveyance there by members 
of the staff.” 

The first of these two means of infection, if it occurs, can easily be 
remedied, and owing to the methods usually adopted can scarcely be of 
much importance. Practically the only persons involved are therefore 
the medical officers and the nurses. The former, however, are not 
brought into sufficiently close contact with their patients to encourage 
the belief that they serve as sources of infection with any degree of 
frequency. ‘The nurses, on the other hand, owing to the more intimate 
relations which exist between them and the children, are more 
important factors in the spread of the disease. 

Many instances are recorded in the literature on diphtheria of the 
infection of doctors and nurses with diphtheria bacilli, and instances have 
already been quoted (p. 316) of the spread of the disease by this means. 

Pugh (p. 292) cites an interesting example: “Prior to the opening 
of our diphtheria wards there was an isolation building in this hospital, 
used for cases erroneously diagnosed as scarlet fever, containing four 
separate rooms, which were looked after by a single nurse. In one 
was a child with bronchitis; in another a patient suffering from 
diphtheria. The latter died on November 18th, five days after ad- 
mission. On December 38rd, the bronchitic child, who had not yet left 
his bed, developed laryngeal diphtheria necessitating tracheotomy. No 
source of infection appeared possible save by the medical or nursing 
staff. Cultures were made from the throats of all who had been in 
contact with the child, and from one nurse, who had been in attendance 
on the diphtheria case of a fortnight before, virulent diphtheria bacilli 
were obtained. She had throughout had no sore throat, and the tonsils 
showed only chronic enlargement.” 


(3) The introduction of unrecognised diphtheria. 


According to most authorities the introduction of mild and un- 
recognised cases of diphtheria into scarlet fever wards is the cause of 
post-scarlatinal diphtheria. “Among the cases received into fever 
hospitals certified as scarlet fever, a few can be readily recognised 
clinically as uncomplicated diphtheria. A larger class is that in which 
there is on admission evidence only of tonsilitis, for patients have not 
infrequently lost by the time they arrive at the hospital the other signs 
upon which the practitioner founded his diagnosis, and yet many of these 
are proved subsequently, by the occurrence of desquamation, to be 
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suffering from the disease certified. Owing to the limited number 
of isolation rooms, a considerable proportion of these cases of apparent 
tonsilitis are admitted for observation into the scarlet fever wards, and 
one of mild diphtheria might thus be the origin of an outbreak of post- 
scarlatinal diphtheria. 

Another class of case is that of double infection. Occasionally in 
addition to the signs of scarlet fever, the patient presents undoubted 
diphtheritic membrane in the throat. These cases, however, must not 
be confounded with a much larger number in whom a condition of 
throat more or less simulating diphtheria is found....Cases of the 
combined diseases may occasionally be admitted in which the local 
evidence of diphtheria is so slight, or else so masked by the lesions of 
scarlet fever, as to escape recognition. Finally, as is well known, there 
may, under certain circumstances, be present in the throats which are 
apparently quite healthy virulent bacilli, which are capable of causing 
diphtheria in other patients.” 


The results of bacteriological exanunations of scarlet fever 
patients on adnussion into hospital. 


(1) Throat. 


Pugh (p. 295) examined bacteriologically the throats of 420 
unselected cases admitted into the North Eastern Hospital, certified as 
scarlet fever, of which two proved to be uncomplicated faucial diphtheria. 
From the throat of a patient suffering from scarlet fever and considerable 
obstruction to respiration, and from the throats of two others suffering 
from fibrinous rhinitis, virulent diphtheria bacilli were obtained. From 
17 (45 /) of the remaining 415 cases diphtheria bacilli were cultivated, 
and five of these strains were tested for virulence with negative results, 
although they all stained with Gram’s and Neisser’s solutions and 
rendered neutral litmus glucose broth acid. 

Garratt and Washbourn (1899) examined the throats of 666 cases of 
scarlet fever patients admitted under their care at the London Fever 
Hospital from March 1896 to December 1898, and found bacilli morpho- 
logically resembling B. diphtheriae in eight (1:2 7%). Goodall (1896) 
found long diphtheria bacilli in the throats of six (7 7%) out of 87 
scarlet fever patients. 
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(2) Nose. 


Pugh (p. 303) examined by cultures the noses as well as the throats 
of the 420 scarlet fever patients previously mentioned. 

Diphtheria bacilli were obtained from the nose of one of the two 
diphtheria patients, and from the noses of the two cases of fibrinous 
rhinitis. Virulent diphtheria bacilli were also obtained from the nose, 
but not from the throat, of a child whose two sisters were suffering from 
diphtheria. 

The remaining 414 cases presented on careful inspection no evidence 
of either faucial diphtheria or fibrinous rhinitis; nevertheless from the 
nasal cavities of 33 morphologically typical diphtheria bacilli were 
obtained. In 10 of these cases the organisms were present also in the 
throat, but in 23 they were present in the nose alone. Three of these 
strains were tested on animals and all were found to be non-pathogenic. 

These observations show that diphtheria bacilli are frequently 
present both in the throats and noses of scarlet fever patients admitted 
into the London fever hospitals. In the case of those who show 
clinical evidences of faucial diphtheria or are suffering from fibrinous 
rhinitis the bacilli are generally virulent, but many of the bacilli 
obtained from patients without diphtheritic lesions are non-pathogenic 
to animals, and are probably incapable of giving rise to diphtheria. 


The spread of diphtheria in scarlet fever wards. 


The observations of Miiller (1896) and others have shown that 
diphtheria bacilli rapidly become disseminated amongst patients in 
scarlet fever wards and amongst convalescents from this disease, when a 
patient suffering from diphtheria is introduced amongst them. 

Chronic rhinitis with sore nostrils, a varying amount of discharge, 
and a tendency to the formation of pustules on parts of the body, is a 
fairly common sequel of scarlet fever. Todd (1898) called attention to 
the fact that this form of “external rhinitis” is sometimes due to the 
diphtheria bacillus (see p. 360). 

Pugh (p. 305) says that “in similar cases at the North Eastern 
Hospital it is not uncommon to find that the condition is, in reality, 
fibrinous rhinitis,” and gives an interesting account of an outbreak. 
“In a convalescent scarlet fever ward, occupied chiefly by girls of five, 
a child who developed rhinorrhoea was found to have membranes on the 
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septum and the roof of the bony orifice of each nasal cavity ; on the left 
tonsil was a small area of deposit. Cultures showed the presence of 
diphtheria bacilli in the throat and nose. The bacilli from one nostril 
were found to produce a strongly acid reaction in sugar broth, and 2 cc, 
of a 48 hour broth culture proved lethal to a guinea-pig at the end of 
the second day, the result being prevented in another guinea-pig by the 
simultaneous injection of antitoxin. In three rounds of cultures made 
from the other 25 patients, who were kept in bed meanwhile, no fewer 
than 10 were found to have acquired the diphtheria bacillus. The spread 
of infection appeared to have been assisted by the fact that among the 
toys of the ward were school slates which were used indiscriminately by 
all. Well marked fibrinous rhinitis was present in two; their throats 
were normal, although, in one, diphtheria bacilli were present there also. 
The other eight children had diphtheria bacilli in the throat, which 
presented no abnormality except in one case, where there was a thin 
sheet of membrane on the right tonsil. In two the organisms were 
present in the nasal cavities also; these clinically appeared normal. 
Bacilli from each of the cases of fibrinous rhinitis, and from one of the 
healthy throats, were found to render glucose broth acid, and 48 hour 
broth cultures in 2 c.c. doses proved fatal to guinea-pigs in 48 hours, 
while in each case this effect was prevented in control animals by 
antitoxin.” 

Williams (1901) also found diphtheria bacilli in about 22 oe of cases 
of post-scarlatinal rhinorrhoea. Of the 12 typical diphtheria bacilli 
tested for virulence four were found to be virulent and eight non- 
virulent. 


The prevention of post-scarlatinal diphtheria. 


This subject divides itself naturally into two parts, (A) the pre- 
vention of the introduction of virulent diphtheria bacilli into a ward, 
and (B) the prevention of the spread of the organisms amongst the 
patients. 


A. The prevention of the introduction of diphtheria bacilli. 
(1) By members of the staff. 


“Tt follows from the observations which have been recorded that 
the transference of nurses from the diphtheria to the scarlet fever side 
of a hospital should not occur more frequently than can be helped, and 
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that those who have been working in wards containing diphtheria or 
post-scarlatinal diphtheria patients should not be put on duty in scarlet 
fever wards unless they have been proved by culturing to be free from 
the means of infecting their charges with diphtheria.” 

A likely means both of acquiring and of distributing infection would 
seem to be the fondling and kissing of children ; the rule, understood, 
in every hospital, that no child should be kissed by a nurse is without 
doubt very frequently broken. 


(2) By patients. 

A careful inspection of the throat on admission, with bacteriological 
examination in cases of doubt, is customary at all fever hospitals. That 
a similar examination of the nasal cavities is equally important is 
evident from some of the cases which have been quoted. 

The important question arises as to whether a routine bacterio- 
logical examination of all patients should be made on admission. Such 
an examination of the throats was advocated by Garratt and Wash- 
bourn (1899) as a method of preventing post-scarlatinal diphtheria. 
During a period of 27 months from March 1896 to December 1898 
they examined bacteriologically the throats of all the scarlet fever 
patients admitted under their care at the London Fever Hospital, and 
isolated all those in whom diphtheria bacilli were found, and by this 
means obtained a great reduction of the number of cases of post- 
scarlatinal diphtheria. The following table gives the proportion of 
such cases at the London Fever Hospital and in the Hospitals of the 
Metropolitan Asylums Board from 1893 to 1897. 


London Fever Hospital Hospitals of the Metropolitan Asylums Board 

5 TP 2 SSS SSS Se ee 

Scarlet fever Diphtheria Post-scarlatinal Scarlet fever Diphtheria Post-scarlatinal 

admissions admissions diphtheria admissions admissions diphtheria 
1893 764 5 52%, 14,548 2,848 1:40 %/, 
1894 294 25 34 9, 11,598 3,666 1:90 °/, 
1895 516 52 2:71 %/, 11,271 3,635 3-62 °/, 
1896 637 65 ‘47 0, 15,172 4,508 4-62 9/, 
1897 431 45 23 J, 15,241 5,673 5-229, 
1898 325 40 0%, 


In consideration of the excellent results obtained by these observers 
it would seem advisable to examine the throats and noses of all cases 
on admission at times when diphtheria is prevalent, and to place all 
those found to be infected in separate wards. By this means the 
probability of the introduction of diphtheria amongst the mass of 
scarlet fever patients would be greatly lessened. 
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B. The prevention of the spread of diphtheria bacilli amongst scarlet 
fever patients. 


When the virulent diphtheria bacillus has invaded a scarlet fever 
ward, as evidenced by the occurrence of a case of secondary diphtheria, 
the same measures as are applied in outbreaks of the disease in schools, 
etc., are indicated. “All the patients should be kept in bed, and 
inter-infection by their toys, handkerchiefs, ete., prevented, while the 
condition of their throats and nasal cavities is investigated, two rounds 
of cultures, at least, being made from nose and fauces. Similar cultures 
should also be made from the nurses. Those in whom diphtheria 
bacilli are found should be removed to an isolation ward and appropri- 
ately treated. When this method is adopted, a ward can usually be 
safely considered free from infection after only a few days quarantine. 

Attention has been directed to the importance of an examination 
of the nurses and of a supervision over the toys (especially with regard 
to the slates and mouth instruments, so frequently supplied by parents), 
because in several examinations in our wards, in connection with cases 
of post-scarlatinal diphtheria, these have appeared to be important 
factors in stamping out infection” (Pugh, p. 311.) 

Large many-bedded wards and common recreation rooms tend to 
favour the spread of secondary diphtheria, since infected children are in 
both cases brought into intimate contact with numbers of more or less 
susceptible patients. 

“The possible harm which may be done by the introduction of 
virulent diphtheria bacilli into a ward is to be gauged, not by the 
number of patients who develop post-scarlatinal diphtheria, but by 
the number infected by the bacillus. The former, which alone is 
recorded in a hospital’s statistics, is no guide to the amount of evil 
which may possibly result from the discharge to their homes and 
schools of children who, though apparently healthy, carry with them 
the virulent bacillus of diphtheria.” 

For this reason the use of prophylactic doses of antitoxin in patients 
exposed to infection without adequate bacteriological examination, as 
suggested by W. R. Smith (1900), cannot be recommended, since it 
encourages a free distribution of virulent bacilli amongst the protected 
patients, who on their discharge may work havoc amongst others. 


CHAPTER XIII. 


DIPHTHEROID ORGANISMS IN THE INSANE. 


The occurrence of diphtheroid organisms in general paralytics in the mouth, 
nose, genital organs, and internal organs, Characters of the organisms. LHyre 
and Flashman’s observations. Diphtheria bacilli in the tissues. 


WITHIN the last few years Robertson and his collaborators have 
brought forward evidence to show that diphtheroid organisms, which 
they consider to be non-virulent diphtheria bacilli, are to be found in 
the tissues of patients who have died of General Paralysis of the Insane. 
They have also demonstrated similar organisms in certain situations in 
living persons suffering from various stages of the disease. As a result 
of their observations, Robertson, McRae and Jeffery (v. 1903) “have 
advanced the hypothesis that general paralysis is the result of a chronic 
toxic infection from the respiratory and alimentary tracts, permitted 
by the general and local impairment of the defences against bacteria, 
and dependent upon the excessive development of various bacterial 
forms, but especially upon the abundant growth of a diphtheroid 
bacillus, which gives the disease its distinctive character” (Robertson, 
24. x. 1908, p. 1065). Though the final verdict on the relationship of 
this organism to the disease must rest on the evidence of more 
extended observations, the results of the experiments already made 
are extremely interesting and important, and are briefly summarised 
below. 

Although previously to 1903 several observers had investigated 
bacteriologically the blood, cerebro-spinal fluid and urine of general 
paralytics, none had met with organisms which they thought bore any 
relation to the disease. Early in 1903 Robertson, McRae and Jeffery 
(v. 1903) published a detailed account of their observations on the 
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secretions, blood and tissues of general paralytics. Further contri- 
butions on the same subject have been published by Robertson 
(vil. 1903, 24. x. 1903, and 25. x. 1905), Robertson and McRae 
(Vv. 1905), and Robertson and Shennan (rv. 1903), on which the follow- 
ing account is based. 


The occurrence of diphtheroid organisms in general paralytics. 


(1) In the mouth and throat during life. 

“We have succeeded in obtaining cultures of the Klebs-Loeffler 
bacillus from the tonsils, pharynx, carious teeth and saliva of cases of 
general paralysis during life, and have also observed the organisms 
in considerable numbers in film preparations made directly from 
material from their surfaces. In the only instance in which we have 
been able to obtain expectoration for examination the Klebs-Loeffler 
bacillus was found to be present in enormous numbers.” 

In many other instances, however, they failed to find diphtheria-like 
bacilli in these situations, and Robertson clearly states that he does 
“not attach any special importance to the occurrence of the organisms 
in the throat.” 


(2) In the genital organs during life. 

Robertson and McRae (v. 1905) state that apparently all female 
genital paralytics suffer from leucorrhoea (36 consecutive cases). In 
all 14 of such cases bacteriologically examined he obtained diphtheroid 
organisms in smears and in cultures, and he also found them in material 
taken from the surface of the urethra of 22 consecutive cases of general 
paralysis in the male. 


(3) In the blood during life. 
Nine observations were made of the blood during life, but diphtheroid 
organisms were never found. 


(4) Cultures from the tissues after death. 

Twenty cases altogether were examined as recorded in the first 
paper (v. 1903), and from the tissues of 17 diphtheroid bacilli were 
obtained in cultures and “in the three from which they were not 
isolated they were readily found in microscopic preparations of the 
stomach in two of the cases and in a film preparation of the material on 
the surface of the trachea in the third.” 
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The following table shows the number of times the organisms were 
isolated from different situations. 


No. of cases in 
which diphtheroid 


Situation Cases examined organisms were isolated 
Tonsils or pharynx 12 9 
Bronchi 5 3 
Lung tissue 6 3 
Stomach 16 7 
Inflamed portion of ileum 16 5 
Brain 16 4 
Bone marrow 5 0 


In two later examinations Robertson and McRae (v. 1905) obtained 
these organisms from patches of localised purulent cerebral meningitis 
in two cases of general paralysis. In one case they were associated 
with B. colt and in the other with pneumococci. 

“The tonsils were almost constantly found to contain small purulent 
foci on section, and it was chiefly from these that the growths of the 
diphtheria organism were obtained.” 

The method of obtaining the cultures from the stomach and 
intestines was as follows: “Cultures were made from the submucous or 
mucous coat of the small intestine and stomach, after searing the 
outer surface and incising the peritoneal and muscular coats with a 
sterile knife, from the inner surface of these organs.” 

These cultivations were made on byno-haemoglobin agar. 


(5) Histological evidence of the presence of diphtheroid organisms 
in the tissues of general paralytics. 

Robertson (vil. 1903) studied the morbid alterations in the 
_alimentary tract of 40 cases of general paralysis, and sought for the 
presence of the diphtheroid bacillus in 20. Chronic catarrhal changes 
of a severe nature were constantly found, either in the stomach or small 
intestines, and frequently in both. 

The respiratory tract was studied in five cases. For the purpose of 
identifying the bacilli he used a modification of Neisser’s method, and 
Weigert’s modification of Gram’s method. Working with these and 
other methods he was able “to recognise in the catarrhal exudations in 
the alimentary or respiratory tracts of all the 20 cases investigated, a 
bacillus identical in form and staining reactions with the organism 
isolated by culture methods. In most of the cases the bacilli were to 
be observed in considerable numbers, and in eight they were present in 
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very great numbers. In these eight cases their ascertained distribution 
was as follows:—In the stomach in three cases; in the stomach and 
lower part of the ileum in one case; in the crypts and surface of the 
tonsils in two cases; and in the bronchi and stomach in two cases. 
The organism was found in the respiratory tract in each of the five 
cases in which this region was examined.” 

He states that in one of his cases the bacilli were so abundant in 
the lower respiratory tract that in a transverse section of one of the 
bronchi stained by Gram’s method, in which microscopic examination 
proved that only those organisms had retained Gram’s stain, a broad 
violet ring lying on the surface of the mucous membrane could be seen 
with the naked eye. 

He also observed a filamentous organism in the lymphatics of the 
walls of the alimentary and respiratory tracts. “This organism has 
been observed in enormous numbers in five of the 20 cases investigated, 
namely, in two cases in the wall of the stomach alone, once in the 
stomach and ileum, once in the ileum alone, and once throughout the 
whole extent of the bronchi and trachea.” “This organism appears as 
smooth threads of various lengths, and, as seen in carbol-thionin pre- 
parations, shows alternate pale and dark portions, the latter being 
shorter. Bacillary forms are common.” The author gives some reasons 
for thinking that the organism just described may be a streptothrix 
form of the diphtheroid organism. 


(6) Characters of the organism. 

The organism grows well on serum and byno-haemoglobin agar 
producing colonies identical with those of the diphtheria bacillus. 
Morphologically it is indistinguishable from the diphtheria bacillus and 
shows well marked polar granules by Neisser’s method. Acid is rapidly 
produced in glucose broth. The other cultural characters have not 
been described. 

Guinea-pigs are not affected by subcutaneous or intraperitoneal 
injections. Intrapleural injection into a white rat caused death in five 
days, and “microscopic examination of the tissues showed that the 
organism had multiplied at the seat of injection and spread into the 
adjacent pulmonary tissues and into the pericardium.” Three rats were 
fed with bread mixed with broth cultures and remained well for three or 
four weeks. After this time they began to show morbid symptoms 
which increased until they became acutely ill. At first they showed 
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slowness and unsteadiness in gait and drowsiness after feeding. “Later 
they manifested distinct motor weakness, marked incoordination of 
movement, dyspnoea, great drowsiness, and looseness of their motions.” 
One was killed when moribund and the others died. Control animals 
under identical conditions remained healthy. 

Microscopical examination of these rats revealed a series of patho- 
logical changes, differing in individual cases only in degree. Gastro- 
intestinal catarrh, localised particularly at the upper part of the 
intestine, proliferative and degenerative changes of the liver, and inflam- 
matory changes of the lungs were found. The most interesting changes 
were observed in the brain and consisted of extensive degeneration of a 
large proportion of the cortical nerve cells, early acute periarteritis, 
proliferation of the neuroglia and mesoglia cells, and infiltration of the 
pia-arachnoid. 

During the course of several months Dr C. L. Bruce from time to 
time subcutaneously inoculated a goat with cultures of this diphtheroid 
organism in order to obtain an immune serum. After a time the 
animal developed signs of a severe alimentary disturbance. “It became 
tottering in its gait and about six months from the time the last 
subcutaneous injection had been made it had a seizure closely resem- 
bling the congestive attack of a general paralytic. It rallied to some 
extent, but died a few days later.” Cultures of the diphtheroid bacillus 
were obtained from the oesophagus, and the brain showed changes 
resembling those found in general paralysis. 

Robertson and Shennan (1903) summarise the results of their 
animal experiments as follows:—“ Whatever the relation of this organism 
may be to general paralysis of the insane, the evidence we have obtained 
distinctly shows: (1) that when introduced by way of the alimentary 
tract in the form of broth cultures, it is capable of producing in the rat 
a series of morbid phenomena, which especially affect the nervous 
system, and which when once established may go on progressively till 
death results, even though the feeding with cultures is stopped; and 
(2) that the associated changes in the central nervous system have a 
distinct resemblance to those which occur in dementia paralytica.” 

Some of the work of the investigators, who have just been quoted, 
was repeated by Eyre and Flashman (1905). They examined by means 
of cultures on serum material from the throats of 138 insane patients, 
of whom 60 were suffering from general paralysis, and 78 from other 
forms of insanity, and found the diphtheria bacillus in seven, and 


446 Diphtheroid Bacilli in the Insane 


Hofmann’s bacillus in 14. The diphtheria bacilli occurred in the 
throats of three (5 /) of the 60 general paralytics. 

The injection into guinea-pigs of small quantities of living cultures 
or of the filtered products of two of these three strains was without effect. 
One of these strains, but not the other, was capable of killing guinea- 
pigs when the living bacilli were injected in large doses. 

A series of examinations by means of cultures was also made from 
material derived from autopsies on 10 cases of general paralysis and 26 
cases of other forms of insanity. Swabbings from the pharynx and 
bronchi, scrapings from the mucous membrane of the intestine, and 
specimens of the cerebro-spinal fluid, heart’s blood and bile were ob- 
tained. Diphtheroid bacilli were never found in the cerebro-spinal fluid, 
or the bile. In the examinations of general paralytics diphtheroid 
bacilli were found in four out of seven cultivations from the pharynx, 
three out of ten from the bronchi, one out of eight from the heart’s 
blood, and one out of ten from scrapings from the intestinal mucosa. 
No further investigation of these organisms appears to have been 
made. Diphtheroid bacilli were also met with on four occasions in the 
respiratory tract in 26 examinations of patients suffering from other 
forms of insanity. The authors are satisfied that not one of the 
organisms isolated from post-mortem material was B. diphtheriae (Kyre, 
9, x11. 1905, p. 1558). 

As a result of their experiments these authors came to the conclusion 
that they were “unable to trace any causal connection between 
B. diphtheriae and general paralysis of the insane,” and suggested that 
Robertson and his colleagues were dealing with a “local or Asylum 
infection.” 

Local conditions might undoubtedly account for the high percentage 
of infection in various parts of the buccal cavity observed by Robertson, 
and the fact that diphtheria-like organisms are to be found both in 
vagina and male urethra has been pointed out by several observers (see 
p. 878). The extraordinary percentage of infection of the genito-urinary 
organs in Robertson’s series, however, suggests that the presence of 
these organisms was more than accidental. His observations on their 
occurrence in large numbers and in every case in the inflamed portions 
of the gut, their frequent occurrence in the brain and their action on 
animals, all point to their connection with the disease, and render 
further investigations desirable. Hyre (9. x11. 1905) states that in his 
ten cases no catarrhal areas were discovered in the intestinal canal, 
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although a careful search was made in each case. Eyre and Flashman 
(1905) only examined the cerebro-spinal fluid and not the brain, and 
appear to have made no animal experiments comparable with those of 
Robertson and Shennan. 

In connection with this subject certain records of the finding of 
diphtheria-like bacilli in the brain and blood, and in the crypts of the 
tonsils of persons who had not suffered from diphtheria, and certain 
observations on the fate of diphtheria bacilli in the alimentary tract, 
are of interest. 

Johnston and Goodall (1902) cultivated from the heart’s blood, but 
not from the cerebro-spinal fluid, of a woman, who died in “an acute 
confusional state, possibly a phase of dementia paralytica,” a diphtheria- 
like bacillus, whose action on animals was not tested. 

Head and Wilson (1899) cultivated diphtheria bacilli, virulent for 
guinea-pigs, from the brain of a suspected case of rabies, and Morrell 
and Wolf (1906) twice isolated virulent diphtheria bacilli during life 
from the cerebro-spinal fluid of a child suffering from general miliary 
tuberculosis and tubercular meningitis. Although no signs of diph- 
theria were present diphtheria bacilli were also found in the throat. 
Howard (1894) isolated non-virulent diphtheria bacilli from the heart 
valves of a patient who died of acute ulcerative endocarditis. 

Marzinowsky (1900) examined by means of cultures both the 
surfaces and the crypts of the tonsils of 15 persons, who had died 
from various diseases. 

Non-virulent diphtheria-like bacilli, retaining Gram’s stain and 
showing polar granules by Neisser’s method, were isolated from the 
crypts in six cases (20%), but only in one instance from the surface of 
the tonsil. In two other cases (pneumonia, anthrax) virulent diphtheria 
bacilli were found in the crypts. Schiitz appears to have isolated both 
attenuated diphtheria bacilli and diphtheria-like bacilli from the sputum 
of tuberculous patients. 

Although several examples of diphtheritic lesions of the stomach 
have been recorded (p. 97), but little attention has been paid to the 
fate of diphtheria bacilli in the intestinal canal. Siisswein (1902) has 
recorded a few observations on this subject. In 15 cases of diphtheria 
examined during life, he was unable to detect the diphtheria bacillus in 
either the gastric or intestinal contents. At the autopsies on eight 
cases he was able to detect the diphtheria bacillus in films from the 
gastric contents in four cases, but was able to obtain cultures in two 
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cases only. He never observed it in the jejunum. Diphtheria bacilli 
kept at 37°C. in acid “stomach contents” died within an hour, but 
neither neutral “stomach contents” nor the contents of the gall-bladder 
affected them. 

Schoedel, J. (1900) apparently observed diphtheria bacilli both in 
the lower ileum and in the freshly passed faeces of persons suffering 
from diphtheria. | 


SECTION V. 


CHAPTER XIV. 


THE TYPES OF IMMUNITY. 


By G. DEAN. 


Introduction and definition. ‘‘ Virulence and toxicity.” Natural immunity. 
(2) Natural immunity in the individual, (b) Racial immunity, (c) Natural immu- 
nity in the species. Protective mechanism at the usual sites of diphtheria 
infection, Acquired immunity, active and passive. Inherited immunity. 


Definitions and Introduction. 


IMMUNITY may be defined as a condition of natural or acquired 
resistance possessed by individuals, races or species of animals to noxious 
influences which, in the absence of this refractory state, are capable of 
producing disease. The most important of these noxious influences are 
the animal and vegetable parasites, and chief among these the bacteria 
and their toxins. 

Immunity is the expression of the reaction of the organism by which 
it attains partial or complete protection, and this varies according to 
the nature of the attack. In approaching the question of immunity, 
therefore, in any particular bacillary disease one of the first points for 
consideration is the method of attack of the invading microbe. 

Though the pathogenic bacilli produce their effects on the animal 
organism chiefly by their toxins, the manner of the attack may vary 
greatly in the different groups of microbes. Diseases can be roughly 
classified according to the mode of action of the causal pathogenic 
micro-organisms, and such a classification is of the highest importance 
from the point of view of immunity. 
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One group of micro-organisms remains localised at or near the point 
of invasion. Here they elaborate their toxins, which are absorbed along 
the lymphatics, blood vessels or nerves, and find their way to and attack 
that part of the body for which they have a selective affinity. In such 
cases the predominant feature of the disease is the toxic action and the 
condition is known as a “toxaemia.” Diphtheria and tetanus may be 
taken as types of this toxaemic form of disease. 

In another group of bacterial diseases the microbe, having found an 
entrance into the animal body, does not remain localised but invades 
the blood, organs, and tissues of the body and multiplies in them. 
Anthrax and streptococcal septicaemia may be taken as types of this 
septicaemic group. There are other diseases which occupy an inter- 
mediate position between the two groups; of these typhoid and Malta 
fever may be mentioned as examples. 

The organisms giving rise to the two types of disease differ from 
each other in one important respect. While those which cause the 
toxaemic type, when cultivated, freely secrete their poisons into 
the nutrient media, the others do not secrete soluble toxins. In 
fact it is difficult or impossible to obtain the toxins apart from the 
bodies of the latter bacteria. 

The mechanism of immunity in the two groups is very different. 
In both cases the body strives to get rid of the invading parasite, but 
in the one group the chief reaction is directed against the toxic sub- 
stances, which are being poured into the body; in the other group, the 
chief forces of resistance are directed against the microbes themselves. 


The Terms “ Virulence” and “ Toaicity.” 


The wirulence of a microbe is the power which it possesses of 
attacking, invading and breaking down the defences of a susceptible 
animal, thus giving rise to disease or death. 

Toxicity is the power of a toxin to produce disease or death in a 
susceptible animal. The measure of the virulence or toxicity is 
inversely proportional to the quantity of living culture of the microbe 
or of its toxin required, under standard conditions, to produce a certain 
pathological effect ; in the case of diphtheria, death within four days. 

The toxicity of a culture or toxic filtrate is largely dependent on the 
toxigenicity of the race of micro-organism employed. The toxigenic 
property must be sharply differentiated from the virulence. The 
virulence of a micro-organism is no doubt largely due to its power 
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of producing toxin within the animal body, but the toxigenicity 
of a particular microbe, as ascertained by measuring the toxicity of 
culture filtrates, cannot be taken as a true index of virulence. A race 
of diphtheria bacilli may have the property of producing toxin on 
artificial media very highly developed, and yet when introduced into the 
animal body may be less capable of producing pathological changes 
than a race with very low toxigenic properties. 


NATURAL IMMUNITY. 
Definition. 


The property of resistance or insusceptibility possessed naturally by 
individuals, races, or species of animals to certain diseases is termed 
“natural immunity.” 


Examples of Natural Immumty with Remarks as to Mode of Origin 
and Causes. 


(a) Natural ommunity in the individual. 


That certain individuals prove less susceptible than others when 
submitted to the same risk of infection is a matter of common know- 
ledge. It is generally admitted also that an infective disease proves 
more serious to certain individuals than to others of apparently equal 
physical endurance. In cases of food poisoning, where a number of 
persons partake of about the same amount of infected material and thus 
get approximately the same dose of the infective germs, it is not an 
uncommon experience to find that one or two individuals of a series of 
say twenty, prove almost or altogether refractory to the infection. The 
causes of such immunity in individuals can only be surmised. Reference 
will be made to the subject in speaking of the question of antitoxin in 
the blood of normal individuals (p. 453). 


(6) Racial immunity. 


That the processes concerned in evolution are at work in the pro- 
duction of racial immunity, as in every other domain of biology, cannot 
be doubted. The benign character of certain diseases, such as measles, 
as they occur in an old established habitat among Europeans compared 
with their malignancy when imported into fresh regions, such as the 


29—2 


452 Types of Immunity 


Sandwich Islands, can be most readily explained on the hypothesis of 
an immunity evolved by attacks of the disease affecting many genera- 
tions. The dark races in Brazil are more refractory to yellow fever than 
the Europeans. How far these, and such similar examples as malaria, 
may be due to increased resistance as the result of evolution, and how 
far to an immunity acquired by the survival of the individual from an 
attack during childhood is unknown. 

An excellent example of racial immunity among the lower animals 
is the comparative insusceptibility of the Algerian sheep to anthrax, one 
of the most deadly diseases to other races of sheep. 


(c) Natural immunity in the species. 


Metchnikoff (1901) in his review of the animal kingdom from the 
point of view of immunity found that most of the lowest forms of 
animal life were insusceptible to the action of diphtheria toxin. Among 
the insects he found, however, that while certain species were highly 
susceptible, other species, for example the larvae of a beetle (Oryctes 
nasicornis), manifested a marked immunity to the diphtheria bacillus 
and its toxin. The alligator (A. mississippiensis), while refractory to 
tetanus toxin, was found to be highly susceptible to diphtheria toxin. 

An animal may possess a natural immunity to a bacillus, or to its 
toxins or both, but the possession of the one property does not neces- 
sarily imply the possession of the other. This distinction between immu- 
nity to infection and immunity to intoxication must be insisted on. 

The rat and the mouse may be taken as examples of the lower 
animals possessing a natural immunity to diphtheria. These animals 
are capable of supporting very large doses of living cultures, or of toxin, 
when injected subcutaneously or intravenously. This immunity is not 
absolute, for, although the rat will support a dose of toxin containing 
many multiples of the lethal dose for the guinea-pig, by massive doses 
this resistance may be broken down, as was shown by Cobbett (1899) 
and others. That this natural immunity of the rat is not due to the 
presence in the blood of substances of the nature of antitoxins was 
demonstrated by Kuprianow (1894) who mixed rat’s serum with toxin 
and found that the latter was not neutralised as evidenced by tests on 
guinea-pigs. Behring (1899) suggested that such cases of natural 
immunity are due to a physical cause, an impermeability of the walls 
of the capillaries which hinders the toxins from readily reaching the 
sensitive cells, Behring holds, however, that in certain cases one must 
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assume a cellular immunity. But it can no longer be maintained that 
the immunity is in all cases due to an insusceptibility of the cells, for 
Roux and Borrel (1898) have shown that when the toxin is introduced 
directly into the cerebral substance it causes a paralysis, which may last 
several days and prove fatal. The toxin therefore, according to these 
authors, is innocuous not because the brain cells are insusceptible but 
because the toxin does not reach them. According to Metchnikoff 
this is due to the fact that the leucocytes set up a barrier which prevents 
the toxin from reaching the sensitive elements. The immunity of the 
rat and mouse may be explained in two ways from the standpoint of 
Khrlich’s side-chain theory. Either the animal may be wanting in the 
necessary side-chains by means of which the toxin is anchored to the 
sensitive cells, or the sensitive cells with suitable receptors may be 
distributed widely throughout the animal body, and in that way the 
force of the toxin may be diffused and diverted from organs necessary 
to the life of the animal. As a matter of fact no very satisfactory 
explanation has been given of the great differences which exist amongst 
the various species of animals in their susceptibility to toxins. In the 
chapter on diphtheria toxin will be found a statement of its relative 
toxicity for different species. 

The question arises as to how far in the human subject the resis- 
tance possessed by certain individuals may be due to the presence of 
antitoxin in the blood. That antitoxin frequently occurs in the blood 
of healthy individuals has been shown by a number of observers, among 
them Abel (1894) and Wassermann (1894-5). The frequent presence 
of diphtheria bacilli in the throats of apparently healthy individuals 
(see p. 181) would yield a satisfactory explanation in the case of the 
human subject. Wassermann came to the conclusion that the occur- 
rence of the antitoxin was due to the presence of “ pseudo-diphtheria 
bacilli” in these cases. He thought that these organisms might 
produce small quantities of toxin sufficient to stimulate the antitoxin- 
producing mechanism, and yet not powerful enough to produce toxic 
effects. An observation by Lubowski (1900) is interesting in this 
connection. He isolated from a child a bacillus which proved to be 
avirulent and atoxic, and yet the serum of the child was found to be 
highly antitoxic. We must, however, distinguish between avirulent 
diphtheria bacilli and the bacillus of Hofmann. Petrie (1905) found 
that the latter was unable to produce any substances capable of giving 
rise to diphtheria antitoxin when injected into the horse. 

Metchnikoff (1901) has suggested a mechanism which may account 


454 Types of Immunity 


for the antitoxie properties of the blood serum of the hedgehog, snake, 
mongoose, and scorpion, namely, that these animals in fighting and 
catching their prey must frequently be subjected to slight abrasions 
with resulting absorption of small doses of toxin thus giving rise to the 
production of antitoxin. | 

It is more difficult to explain the presence of diphtheria antitoxin 
in the normal horse for here diphtheria bacilli are probably of rare 
occurrence. In one case only has their presence been definitely proved 
(Cobbett, 1900). Ehrlich explains the occurrence of antitoxin in the 
serum of normal animals by supposing that the antitoxin exists 
normally in a preformed state in the cells as the receptors which 
have a specific affinity for the toxin, and that some of these get thrown 
off into the blood serum. This subject will be dealt with more fully in 
discussing Ehrlich’s theory. 


Animals, which on account of their susceptibility to infection and intoxication 
are selected by preference for experiment, such as the guinea-pig and mouse in the 
case of anthrax and tetanus, and the guinea-pig in the case of diphtheria, may yet 
be regarded as immune to these diseases from the epidemiological, ‘ epizootic” 
standpoint, for the occurrence of tetanus, anthrax and diphtheria in these animals 
under natural conditions is unknown. As Behring (1901, p. 95) has pointed out, 
some confusion may arise if the distinction between these two forms of immunity, 
the epidemiological and the experimental, is overlooked. 


Protective Mechanism at the Usual Sites of Diphtheria Infection. 


When we consider the number of organisms, often including patho- 
genic forms, such as the diphtheria bacillus, which find their way into 
the nose and mouth, it becomes clear that there must be at work an 
effective mechanism which prevents the settlement and growth of the 
invaders. That the conditions found in the alimentary canal from the 
mouth downwards are not unfavourable to microbial life is shown by the 
large number of non-pathogenic bacilli which can be cultivated from 
almost any part of its course, and as the pathogenic bacilli are not less 
resistant than the saprophytes we must assume that the conditions are 
favourable to many of them. What are the factors then which tend to 
prevent such pathogenic bacilli as the B. diphtheriae from attacking the 
individual? It is doubtful whether the antagonism between pathogenic 
and non-pathogenic bacilli plays an important part. Certain feeding 
experiments carried out by Metchnikoff (1894) and Wiener (1896) 
indicate that such an antagonistic action may occur. So long as the 
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kittens and young rabbits, which were employed in the experiments, 
were being suckled by the mother they could be infected by certain 
vibrios per os, but as soon as they were put on a mixed diet infection 
could no longer be accomplished. The converse fact that non-pathogenic 
bacilli may aid the pathogenic has, however, been proved by many 
observers. 

The epithelial layers, including the ciliated nasal epithelium of the 
mucous membranes, form an important barrier to the attack of microbes, 
and the constant shedding of this epithelium must be of great service in 
overcoming surface invasion. The secretions, mucus and saliva in the 
mouth, mucus in the nose, and tears in the conjunctival sac and nasal 
duct, have an important mechanical cleansing action. Particles of dust, 
ete., loaded with microbes, alighting on the sensitive mucous membrane 
cause an increase in the secretions which tends either to wash away the 
foreign substances, or by accumulating to give rise to the stimuli neces- 
sary for the reflex actions of coughing or sneezing, or the voluntary 
clearing of the nose or throat, all of which lead to the ejection of a large 
number of microbes. The muscular movements connected with the 
mouth, fauces, palate, and posterior nares must also aid in a mechanical 
way. The evidence as to whether the fluids concerned have bactericidal 
properties is somewhat conflicting. Wurtz and Lermoyez (1893) found 
the nasal mucus bactericidal, an opinion which was controverted by 
Klemperer (1896). Thompson and Hewlett (1896), though they found 
that the mucus was not bactericidal, proved that the nasal mucus 
arrested bacterial development and that there was a rapid disappear- 
ance from the nasal cavities of artificially introduced bacilli such as 
B. prodigiosus. In regard to the saliva Hugenschmidt (1896) found 
no bactericidal action, whereas Sanarelli (1891) found that it had 
bactericidal properties. As pointed out by Miller (1892) the evidence 
relied on by Sanarelli was insufficient. The important function exer- 
cised by the lymphoid tissues of this region has been urged by 
Metchnikoff, who regards them as manufactories of phagocytes. Stohr 
(1884) made the important observation that the leucocytes wander out 
of the tonsils, and amongst others Ribbert (1885), Bizzozero (1885), 
Manfredi (1886), and Ruffer (1890) have shown that the cells of the 
lymphoid organs may contain bacilli. Every one who has examined the 
nasal secretion in pathological conditions must have been struck by the 
frequent occurrence of leucocytes containing bacilli. It is probable that 
the serum, though present only in minute traces in the secretions, may 
assist In preparing the bacilli for phagocytosis, and so play an important 
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part in the defence of the body. Hugenschmidt (1896) attributes the 
protection of the mouth against invasion to phagocytosis aided by the 
positive chemiotactic character of the saliva. He maintains that 
diapedesis is a very marked feature in the mouth, and states that 
the sulphocyanide of potassium to which antiseptic properties had been 
ascribed has no such properties, and even doubts the existence of such 
a substance in saliva. 

In the protection of the lungs several of the factors already men- 
tioned play a part. That the phagocytes are as important here as 
elsewhere is probable. Hildebrandt (1888) found anthrax bacilli in 
the dust-cells, “Staubzellen,”” which he regards, however, as cast-off 
epithelial cells and not as macrophages, as held by Metchnikoff. 

The general conditions which predispose to infection will be dealt 
with in another section. It is well, however, here to recall how 
susceptible the diphtheria bacillus is to slight changes in its sur- 
roundings, e.g., we shall see how the presence of an excess of sugar or 
a slight change in reaction of the culture medium can prevent toxin 
formation. Such considerations enable us to understand how very 
slight alterations in the animal body may have an important bearing in 
determining whether the bacillus will succeed or fail in obtaining a 
hold on the individual subjected to infection. | 


AcQUIRED IMMUNITY. 


A susceptible animal may during its life acquire an immunity to a 
disease ; In many cases an increase in natural resistance occurs as the 
animal grows older. From the earliest times it has been a matter of 
common observation that those who survived an infectious disease such 
as smallpox, syphilis, ete. acquired an immunity to that disease, in 
other words that recovery from a disease may do away with the natural 
proclivity to that disease. Where such an immunity is acquired by the 
survival of the individual from an attack of infective disease it may in 
a sense be regarded as “natural.” It is Nature’s way of conferring 
immunity, and the recognition of this fact has been the chief guiding 
principle in the study of the subject. On the other hand, where the 
immunity is acquired through the intervention of man by the employ- 
ment of some process of inoculation, the immunity is termed “ artificial.” 
An artificial immunity may be conferred by the use of a bacterial or 
other vaccine, or by the use of an immune serum, and to designate 
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these two conditions Ehrlich introduced the terms “active” and 
“passive” immunity, which may be thus defined— 

Active immunity is the immunity which an animal acquires as the 
result of treatment with bacilli, toxins, or other substances, which may 
be of bacterial, vegetable, or animal origin. 

Passive immunity is the immunity which results when an animal is 
injected with the antitoxin or other antibody, which has been obtained 
by the active immunisation of another animal. 

In active immunity the immunised animal manufactures its own 
antibody. The immunity acquired by the horse as the result of 
injections of toxin may be taken as an example of active immunity. 
In passive immunity the immunised animal obtains its antibody ready 
made from another animal. The immunity conferred on a child by an 
injection of diphtheria antitoxin will serve as an example of passive 
immunity. 

Behring (1899) takes exception to the terms “active” and “ passive” 
immunity (p. 997). He says one can speak of an “active” or “passive” 
immunisation but he prefers to use the terms “isopathic” and “anti- 
toxic” immunity. In both active and passive immunity he says that 
the essential thing is a haematogenous immunity which is due to the 
presence of antitoxin in the blood. It has still to be proved that there 
exists, in addition to this haematogenous immunity, a histogenous 
immunity due to an altered condition of the organised parts of the 
body, a view to which he formerly leant. There is, however, he 
admits, no sure experimental proof of the existence of an acquired 
histogenous immunity even in the case of an isopathic immunity, and 
it is now generally agreed that after the injection of antitoxin the 
living organised tissues remain unaffected, Le., no histogenous immu- 
nity results. The immunity which a young animal acquires from its 
mother is derived from the milk and not by the inheritance of an 
acquired cell change. 

Behring believes that, instead of increasing in their resistance, the 
cells susceptible to the action of toxin undergo changes due to modified 
activity which may result in a hypersensibility. If a hyposensibility 
could be demonstrated to result from active immunisation it would 
definitely prove the existence of a histogenous immunity. Behring at 
first thought such a hyposensibility could be observed in horses im- 
munised against tetanus, but further observations made him abandon 
this view, for when the same antitoxic value of the blood serum had 
been produced in two animals, in one by passive, and in the other by 
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active immunisation, the injection of equal doses of toxin appeared 
to produce more serious effects on the actively immunised animal 
than on the other. This he regarded as evidence of a_hyper- 
sensibility. The observation that a horse which has been actively 
immunised retains his immunity much longer than a_ passively 
immunised man, guinea-pig, rabbit, or goat cannot be employed as 
an argument in favour of an increased resistance of the cells, which 
before immunisation were sensitive to the action of a toxin, for it has 
been found that if the serum of the same species is employed, the anti- 
toxin remains much longer in the body than if the serum of another 
species is injected (Behring, Ransom). 

This, however, is not universally true, for Jérgensen and Madsen 
(1902), in their study of cholera and typhoid agglutinins, found 
that the rapidity with which the antibody disappeared depended on 
the animal employed, and that no general law could be established. 
They found, for example, that the agglutinating serum of the rabbit 
and goat disappeared at about the same rate from the goat, whereas 
different results were obtained with the two sera in the case of the 
rabbit. In the same paper they make what appears to be a funda- 
mental distinction between active and passive immunity. The injection 
of typhoid and cholera organisms was followed both in the normal 
animal and in the actively immunised animal by a sudden increase 
in the agglutinin giving a curve of a very definite type, whereas in the 
animal passively immunised there was an absence of this typical rise in 
the curve. The injection of quite a small quantity of agglutinating 
serum into an animal was sufficient to abolish the typical reaction. 


INHERITED IMMUNITY. 


Acquired immunity, obtained by the action on the body of the 
virus, whether introduced by Nature in the form of an attack of the 
disease or by man in the form of a vaccine, or by the injection of the 
serum of an immunised animal, is as a rule a transitory property 
belonging to the individual only. In certain cases, however, the 
immunity can be transferred from the parent to the offsprmg and 
to such cases the term “inherited immunity” is applied. Such an 
inherited immunity might conceivably be conveyed by 

(a) the transference from the parents to the offspring of the acquired 
property by means of the germ plasm, 
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(b) active immunisation; the toxin acting through the body of the 
mother on the germ plasm or on the developing foetus, 

(c) passive immunisation; the foetus obtaining the protective sub- 
stance manufactured by the body of the mother through the placental 
circulation or from the mother’s milk. 

The results of the experimental investigation of the relative impor- 
tance to be ascribed to these possible sources of inherited immunity 
will be dealt with in a later section. 


CHAPTER XV. 


THE TOXIN OF THE DIPHTHERIA BACILLUS. 


The term “ toxin.’’ Discovery of diphtheria toxin. Toxicity of different 
races of diphtheria bacilli. Conditions which modify the virulence and patho- 
genic powers of the diphtheria bacillus (a) association with other germs, 
(vb) passage through animals. Influence of the medium on the production of 
toxin. Influence of temperature, oxygen, and light on the diphtheria bacillus. 
The period of maximum toxicity in the cultures. Methods of testing the toxicity 
of the diphtheria bacillus. The relative susceptibility of different races of 
animals to diphtheria toxin. On the origin and nature of toxin. The constitu- 
tion of the diphtheria toxin. Toxoids. The spectrum according to Ehrlich. 
Conditions which modify toxin, time, light, temperature, electricity, 
oxygen, peroxides and oxydases. Chemical agents. The purification and 
isolation of the diphtheria toxin. The effects of toxin on animals. Sub- 
cutaneous injection. Latent period. Local effect. General effect. Intracerebral 
injection. Physiological effects on the heart and circulation. The fate of 
the toxin in corpore (1) in susceptible animals, (2) in refractory animals, 
(3) behaviour of toxin in the alimentary canal, (4) action of toxin on other 
mucous membranes, 


The Term “ Towin.” 


TOXIN, in the restricted bacteriological sense, may be defined as the 
specific poison secreted by a pathogenic micro-organism. By the specific 
poison is meant the substance giving rise to the chief pathological 
effects which taken together constitute the disease. 

The true toxins can be recovered from the cadaver of a subject of 
the disease and also from the media in which the bacilli have been 
grown. 

The bacilli from which such toxins have been obtained constitute a 
small group, the chief of which are Bacillus diphtheriae, Bacillus tetani, 
Bacillus botulinus and Bacillus pyocyaneus. 

The action of a toxin on the animal body is characterised by (a) the 
occurrence of a latent or incubation period after the injection, during 
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which no effect on the animal is apparent, and (b) the production of 
antitoxin. 

The toxin is a “haptine,” that is, a substance capable of anchoring 
onto certain structures of the body and stimulating them to the 
formation of an antibody. 

We have no exact knowledge as to the chemical nature of toxins, 
Though generally associated with albuminous substances, they are not at 
the present time usually regarded as toxalbumins. They are unstable, 
being extremely sensitive to the action of light, heat and chemicals. 
In many of their characteristics they closely resemble the ferments. 

The word toxin in the wider sense has been applied to various poison- 
ous bodies elaborated by micro-organisms including the ‘“‘ ptomaines,” or 
crystalline nitrogenous bases of definite chemical composition, the 
toxalbumins and the proteins, substances entering into the structure 
of the bacillary body, none of which merit the title of toxin in the 
narrower sense as they are not concerned in producing the specific 
effect of the bacillary action. Even such substances as tuberculin 
and mallein, though they produce certain specific reactions, can be 
spoken of as toxins only in a broad sense. 

The term toxin is also applied to various poisons of animal and 
vegetable origin; as examples of the former may be mentioned the 
snake poisons, or venins, and the ichthyotoxin of eel’s serum; of the 
latter such substances as ricin and abrin. 


DISCOVERY OF DIPHTHERIA TOXIN. 


Loeffler (1884) in his work on the diphtheria bacillus indicated that 
it was necessary to assume the existence of a toxin to explain satis- 
factorily the production of the disease by the bacillus. At a later 
period (1890) he was able to prove that a toxin could be obtained 
by growing the bacillus on minced beef, extracting with glycerine, and 
precipitating by alcohol. 

To Roux and Yersin (1888, 1889, 1890) belongs the credit of first 
obtaining a diphtheria toxin. By methods which could easily be 
followed and repeated they obtained toxins which gave all the character- 
istic appearances of diphtheria poisoning. The essential point in the 
method consisted in growing the diphtheria bacillus on broth for 
several weeks at body temperature and filtering the culture through an 
unglazed clay filter. The toxicity of sterile filtrates from cultures 30 
to 40 days old was such that guinea-pigs were killed in about 30 hours 
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by doses of from 4 to =, ¢.c. Though the toxins obtained were weak 
compared with those that can be obtained at the present time their 
action on animals, and the effects on the toxin of heat, chemical agents, 
dialysis, ete., were so accurately noted and described that the memoirs 
of Roux and Yersin on the subject must always rank as among the 


most noteworthy of the classics of experimental medicine. 


Touicity and Virulence of Different Races of Diphtheria Bacitla. 


When cultures are made from cases of diphtheria the bacilli, grown 
under the same conditions on a medium suitable for toxin production, 
yield filtrates of very different degrees of toxicity. It cannot be said 
that there is any very marked correspondence between the severity 
of the disease in the human subject and the virulence or toxigenic 
power of the bacillus obtained from the case. Some of the most 
virulent and toxigenic races of bacilli have been derived from com- 
paratively slight cases of diphtheria. A notable example of this is 
Park and Williams’ bacillus No. 8 which was obtained from a mild 
tonsillar case. As a rule the most virulent bacilli yield the strongest 
toxins but not invariably. A bacillus which has a low degree of 
virulence may yield a stronger toxin than a highly virulent one 
(Behring (1901), Salter (1896)). Indeed, as shown by Martin (1898) a 
bacillus may be toxigenic and yet non-virulent. A process of selection, 
therefore, has been employed to obtain bacilli which yield powerful 
toxins. As the race of bacillus is, perhaps, the most important factor 
involved in obtaining good toxins, a great service was done by Park and 
Williams who obtained a very highly toxigenic race which is now used 
all over the world. 

The bacilli obtaimed from cases of diphtheria have as a rule a 
toxicity which can be expressed by stating that from 0:1 (45) cc. to 0°02 
(=;) c.c. of the filtrate of a ten days’ old culture on alkaline broth 
injected subcutaneously into a guinea-pig of 250 grammes weight kills 
the animal within five days; rarely 0°01 (41,5) cc. produces this result. 
By employing the American bacillus under the same conditions toxins 
can frequently be obtained which give the above-mentioned effect in 
doses of from 0:005 to 0°003 c.c. and occasionally 0°002 cc, or even 
smaller doses (Madsen, and personal experience), 
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Conditions which modify the Virulence and the Toaigenic Power 
of the Diphtheria Bacillus. 


Various methods have been employed to obtain an elevation of the 
virulence and of the toxigenicity of the diphtheria bacillus, 


(a) Through association with other germs. 


Roux and Yersin (1890) and Funck (1894) observed that when the 
diphtheria bacillus and the streptococcus were both found in the throat 
there was a tendency for the type of infection to be severe. On this 
observation and certain experiments the hypothesis was based that 
the bacterial association led to an increase in the virulence of the 
bacillus. By inoculating rabbits with diphtheria bacilli of low virulence 
together with highly virulent streptococci they obtained bacilli which 
retained the newly acquired property on re-inoculation in pure culture. 
The influence of association on these two micro-organisms has been 
much investigated, the subject having been approached from various 
points of view. 

Von Dungern (1896-7) did not find that the association of these 
germs in cultures gave rise to more vigorous growth, whereas Bernheim 
(1897) and Hilbert (1898) both held that the growth tended to be 
more rapid and abundant. Hilbert also found that association with the 
streptococcus gave rise to a more rapid and increased production of 
alkali and toxin. In many cases where cultures of the diphtheria 
bacillus were remaining at a standstill, in the atoxic acid phase, the 
addition of streptococci led to alkali and toxin formation. Hilbert 
discusses the cause of this increase of toxicity. He points out that 
rapid growth does not necessarily indicate rapid toxin formation, for 
Blumenthal (1897) showed that in media to which glucose had been 
added, vigorous and rapid growth of the diphtheria bacillus took place, 
while at the same time toxin formation was completely inhibited. 
Escherich (1894) attributed the rise in virulence obtained in the 
experiments of Roux and Yersin to passage through the animal body. 
Hilbert, though believing that the virulence is increased by association, 
ascribes a considerable part of the increased toxicity to an alteration in 
the medium, produced by the growth of the streptococci. A filtrate from 
a streptococcal culture proved an excellent medium for the growth and 
toxin production of the diphtheria bacillus, Gibier (1897) suggested 
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the association of the streptococcus with the diphtheria bacillus as 
a practical method of obtaining a powerful diphtheria toxin. He 
found that if the streptococcus were allowed to grow 12 or 18 hours 
in a broth, before introducing the diphtheria bacillus, the resulting 
medium was favourable to the growth and toxigenicity of the diphtheria 
bacillus, 


(b) By passage through animals. 


Bardach (1895) used passage through dogs to elevate the virulence. 
Trumpp (1896) injected avirulent bacilli together with toxin and 
found that the bacillus recovered from the dead animal was sufficiently 
virulent to kill a guinea-pig. Hewlett and Knight (1897) believed 
that they succeeded in converting Hofmann’s bacillus into the 
diphtheria bacillus by heating the cultures and also by passage through 
guinea-pigs. Salter (1899) claimed to have obtained the same result 
by passage through small birds. Louis Martin (1898) cultivated the 
bacillus within the peritoneal cavity of rabbits in the collodion sacs, 
which were first employed by Metchnikoff, Roux and Salimbeni in 
their study of cholera. By the passage of the bacillus in this manner 
through several rabbits a marked increase in toxigenic power was 
acquired, e.g., after six passages a bacillus, which formerly gave a toxin 
killing guinea-pigs at ;, c.c. now gave a toxin killing at 5c. By the 
same treatment he was able to augment the toxigenic power of the 
American bacillus though the passage had not increased the virulence. 
Many of the previous experimenters made no distinction between toxi- 
genicity and virulence, but Martin makes a clear distinction between 
the two properties. 

An interesting point to note in connection with the toxigenic 
property of the diphtheria bacillus is the persistence with which 
certain races maintain this character. Park and Williams’ toxigenic 
bacillus, though it has been cultivated on artificial media for 11 years, 
appears to have suffered no diminution in its toxigenicity. 


The Influence of the Mediwm on the Production of Towin. 


For obtaining powerful toxins the character of the medium is most 
important. Roux and Yersin (1889-1900) employed simple broth 
and obtained only weak toxins. Later it was found that the addition 
of peptone to the broth gave better results. The influence of 
the amount of peptone was studied by Park and Williams (1896). 
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They found that as a rule the addition of 2% and 4% of peptone gave 
more powerful toxins than the addition of 1%. The writer failed to 
find that 4% peptone broth gave more powerful toxins than 2 Z. The 
quality of the peptone is probably most important ; certain preparations 
appear to give more powerful toxins than do others, under apparently 
similar conditions. Witte’s peptone is the one in common use. 

The reaction of the broth is of great importance. 

The growth of the diphtheria bacillus in ordinary broth gives rise 
to various changes in the reaction. At first the broth becomes slightly 
alkaline, then there is an acid phase occurring in three or four days. 
The acid phase may persist or the reaction, after a few days, may 
become alkaline. 


The relation of this acid phase to the presence of glucose in the beef was investi- 
gated by Spronck (1895), van Turenhout (1895), Park and Williams (1896), Cobbett 
(1897), and Blumenthal (1897). They found that where glucose was present except 
in very small quantities the acid phase was very marked and tended to be per- 
manent. The persistence of the acid phase is deleterious to the growth of the 
bacillus and to the production of toxin. Madsen (1897) found that the formation 
of toxin and the degree of alkalinity run parallel, but that while a high degree of 
alkalinity is usually associated with a high toxicity this is not invariable. Cultures 
which have an acid reaction when filtered, say after ten days’ growth, are atoxic. 
These observations show the importance of avoiding a marked or persistent acid 
phase, and many suggestions have been made in this direction. Spronck and van 
Turenhout (1895), attributing the excessive production of acid to the presence of 
glucose, recommended that beef which has been kept several days, during which 
decomposition of the glucose takes place, should be employed. They also suggested 
the addition of calcium carbonate to the medium, so that when the acid is formed it 
should enter into combination with the alkaline earth and in this way the medium 
would remain alkaline, thus aiding the formation of toxin. Nicolle (1896) in 
opposition to Spronck recommends that the meat should be fresh. Theobald Smith 
(1899) finds that dextrose is not in itself inimical to toxin production, but that a 
certain quantity is in fact essential to an abundant accumulation of toxin. He gets 
rid of the muscle sugar from the beef infusion by inoculating this with a culture of 
B. coli and incubating overnight, but afterwards adds to his medium a measured 
quantity, about 0-1 °/, of dextrose. In this way he states that he obtains a greater 
uniformity in the toxicity of the filtrates. 

Park and Williams find that if the medium is made sufficiently alkaline the 
amount of glucose usually present even in the fresh (two days old) unfermented meat 
is not sufficiently great to interfere with toxin production. After bringing the 
medium to the neutral point of litmus they add from 5 to 10 c.c. of normal caustic 
soda per litre. The writer’s personal experience coincides with this. 

Martin’s medium has been used in the attempt to obtain a medium of more 
constant composition which would give more uniformly filtrates of a high degree 
of toxicity. A peptone solution is obtained as follows: the mucous membrane 
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and muscle of five pigs’ stomachs are minced and mixed with water acidulated with 
hydrochloric acid. The proportions are as follows : 


Pigs’ stomachs, minced pe rey a me 200 grammes 
Hydrochloric acid, pure “ie Le ote ae 10 ce. 
Water oc sae ste 3% ae met 1000 ce. 


Digestion is allowed to proceed at 50° C. and is normally completed in 12 hours, 
but no harm is done by allowing the digestion to goon for 24 hours as no organisms 
develop in the acid mixture. The mixture is heated to 100° C. which destroys the 
remaining pepsin, and is then passed through a sieve, or, better, filtered through a 
thin and loosely packed layer of absorbent cotton wool. The medium is then 
heated and made alkaline while at 80°C. It is then filtered through paper to 
remove the precipitate, heated to 120° C., filtered and put in culture flasks in which 
it is sterilised by heating for half an hour to 115 °C, 

This medium by itself is suitable for cultivating organisms, but better results are 
obtained by mixing it with broth. The peptone prepared in this way gives more 
constant results than the very variable peptones of commerce. 

The broth is derived from veal. After testing the value of fermenting with 
a yeast to get rid of the glucose Martin came to the conclusion that the best results 
were obtained by allowing the minced veal to ferment without using any special 
organism for the purpose. Five hundred grammes of minced veal are mixed with 
1,000 c.c. of water and put in the incubator for 20 hours at 35° C., ‘5 %) of 
sodium chloride is added, the fluid made alkaline, and then sterilised. Equal 
parts of this and the peptone solution are now heated to 70° C., to coagulate the 
albuminous substances, filtered through paper, made alkaline and sterilised. The 
sterilisation which gives the best result according to Martin is filtration through 
a Chamberland filter, but good results are obtained with sterilisation at 120° C. 
Slight variations under certain conditions are employed. Toxin is obtained by 
this method which kills a guinea-pig of 500 grammes weight in a dose of 3} c.c. 

Martin’s medium gives excellent toxins, but in the writer’s experience a uniform 
high toxicity is not attained by this nor by any other process. The use of a 
boiled and filtered extract of bakers’ yeast with the addition of 2°/, peptone as was 
recommended by Spronck (1898) gave disappointing practical results. 

The writer’s best results, confirmed by Madsen and Dreyer, have been obtained 
by the employment of the following method, which is somewhat similar to that 
described by Park and Williams, and is less prolonged and complicated than that of 
Martin. 

The beef which is employed is that sold by English butchers under the name of 
“silverside,” consisting of part of the muscles of the gluteal region. The meat is 
used either in a perfectly fresh condition or after it has been kept about seven to 
twelve days in an ice-cooled air chamber at about 8° C. It has never been 
frozen nor does it come in contact with the ice. This beef is freed from all fat and 
fascia and is then finely minced in a mincing machine. Usually 10 to 20 litres of 
the broth are made at one time. The proportion of beef and water is about one 
pound (about half a kilo) of beef to 1 litre of a tap water which is fairly alkaline 
from the presence of lime salts, Appended will be found an analysis of this water. 
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Chemical Hxamination. 


Results in 
aes 


Determinations “Grains per gallon : Parts per 100,000 
Chlorine 5a soe ne SAS 3 1°8 
Equivalent to chlorides (60 °/, Cl) a 2:1 30 
Nitric nitrogen ae sige eh 0:28 0-4 
Equivalent to nitrates (17 °/, N) eb 1°68 2°4 
Nitrites Be a a ax Absent Absent 
Hardness: permanent ) - 5 ae 

5 temporary ) 4 > 
Lead, copper, zine, iron ny. an Absent Absent 
Free ammonia oh 7 i 0:0040 0:0057 
Organic ammonia af SP ae 0:00028 0°0004 


The beef and water are then put into a large enamelled ordinary cooking pot 
with a loose cover and the mixture is kept boiling quietly for 14 to 2 hours. It is 
then filtered through Swedish filter paper, the juice at the same time being 
very thoroughly squeezed out from the beef. A potato or vegetable squeezer 
is very convenient for this purpose. To the filtrate so obtained are added 2 °/, 
Witte’s peptone and 0°5-9/) sodium chloride. The liquid is then steamed at 100° C. 
for one hour, and the resulting precipitate is filtered off. At this stage, and 
while still hot, the filtrate is made neutral to litmus paper, and then 7 c.c. of normal 
caustic soda are added per litre. It is again steamed for one hour and again filtered. 
The broth is then put in the culture flasks, usually Erlenmeyer’s, and sterilised by 
steaming for 20 minutes, the temperature being then allowed to run up to 120°C., 
at which point the gas burner is turned off. 

A number of experiments performed on the influence of temperature in the 
preparation and sterilisation of this broth showed that the temperature employed 
had little or no influence on the end result. 

The toxicity for guinea-pigs of 250-280 grammes weight is shown in the Tables 
A and B which give the results on two continuous series of toxins obtained by the 
use of this broth. These include all the toxins prepared and tested during that 
period and are not selected. 


TABLE A, 


Diphtheria Toxins—September, 1899, to June, 1902. 


Minimal lethal dose and time of death in days. 


Toxin inc.cs. Days :—1 2 3 4 5 6 6+ 
1/500 SE gee Ae Eo eed 
1/400 sees 8 Oi ess Te ee 
1/300 — 2 8 3 3 1 2* 
1/200 ~ 3 5 4 3 2 5* 
1/100 -— 10 6 3 —- 2 14* 
1/50 ee 1 Wee SOR eR ELM eats De 
1/30 = — 1 


* Not tested in larger doses. 


30—2 
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TABLE A—(continued). 
Total number of toxins, 94. 
2 killed within 6 days at 1/500, ie. 2 °/ 


14 ” ” » 1/400 ” 15 "lo 
17 ” 9 ” 1/300 9 18 Af 
17 ” ” 9 1/200 9 18 "lo 
Th Oa 1/100 ,, 22°, 


16 did not kill at 1/100 ,, 17°, 


TABLE B. 
Diphtheria Toxins from January, 1904, to June, 1905. 


Minimal lethal dose and time of death in days. 


Toxin in c.cs. 1 2 3 4 5 6 6+ 
1/700 Shas Bae | qtr 
1/600 ot ae 1) pee eee 
1/500 ro 1 5 pede 1 Lin 
1/400 = 2 2 2 1 re 
1/300 = 1 oe 1, Siwy Bee 
1/200 a 1 2 1 Su, ee 
1/100 => 14. tinh ak 


* Not tested in larger doses. 
Total number of toxins, 39. 
1 killed within 6 days at 1/700, ie. 2°6°/, 


1 ” ” ” 1/600 ” 2°6 J, 
8 ” ” ” 1/500 ” 20°5 J 
9 5 r» r 1/400 ,, 23-1, 
ie ? a 1/300 ,,, 18-0, 
a: * -. 1/200 7180875 
1h i 1/100 ,, 2°6%, 


9” 39 
5 did not kill at 1/200 ,, 13-0°, 


Besides the race of bacillus and the medium employed there are 
other important factors which must be considered in connection with 
the preparation of diphtheria toxin. 


(c) Influence of temperature, oxygen and light on the 
diphtheria bacillus. 


The supply of oxygen.—To obtain abundant growth and good toxin 
formation a free supply of oxygen is required. 


Roux and Martin (1894) suggested the use of Fernbach’s flat flasks over which a 
current of air could be passed by the use of a water pump. Madsen (1896) found 
on comparing the toxins which were obtained by growing the bacillus in Erlen- 
meyer’s flasks and in Fernbach’s flasks with an air current, that the latter method 


G. DEAN 469 


gave weaker toxin, an experience that coincides with the writer’s. This is probably 
due to excessive oxidation of the toxin and to a disturbance of the membrane on the 
surface of the broth, Though artificial aeration is unnecessary and the form of the 
culture flask immaterial, it is essential (as was pointed out by Aronson (1894)) that 
the medium should form a thin layer so that a large surface may be exposed. The 
amount of material used for inoculation has been suggested as a possible cause in 
the variation of the toxicity of the different flasks of one series. The best results 
have been obtained by the writer by inoculating from one broth flask to another. 
A flask with a good membrane is selected, and a 2 millegramme loopful of membrane 
is gently floated onto the surface of the medium to be inoculated. 


It is now generally agreed that the optimum temperature for the 
growth of the diphtheria bacillus and for toxin production is 35°5° C., 
a little below body temperature. 

Light must be rigidly excluded from the incubator, or chambre-étuve, 
as it has a deleterious action on the growth of the bacillus. 


Period of Maximum Tosicity. 


The views regarding the time in which the maximum amount of 
toxin is produced in a culture have greatly changed. Roux and Yersin 
(1890-1894) stated that in cultures grown without aeration a strong 
toxin was not produced under three weeks’ incubation, but that 
when a constant air current was employed two weeks’ incubation 
was necessary. Aronson, however, showed that by inoculating from the 
pellicle of a highly virulent culture he could obtain a potent toxin in 
eight days. It is now generally held that the maximum toxicity is 
reached about the tenth day (Aronson, 1895; Park and Williams, 
1896), the time varying between the 5th and the 12th day. Recently 
Murillo (1903) has pointed out that a secondary rise of toxicity occurs 
about the 24th day, which he holds is probably due to a liberation of an 
intrabacillary toxin. 

The above tables are formed from rough estimations of the minimal 
lethal dose, usually expressed by the letters M. L. D. When the M. L, D. 
is being ascertained for the purpose of determining the constitution of 
a toxin the doses are more finely graded. For example, if, by a rough 
test, a toxin has been found to kill a 250 gramme guinea-pig in a dose 
of about z4, cc., it is desirable to grade the series of test doses as 
follows :—0'0028, 0:0029, 0:003, 0°0031, 0:0032, 0:0033, and 0:0034. 
The smallest dose killing on the fourth or fifth day is regarded by 
Ehrlich as the M.L.D. The selection of this time-limit is quite 
arbitrary. 


470 Diphtheria Toxin 


Arrhenius and Madsen (1904) have introduced two new methods by 
the use of which they assert that it is possible to form a more correct 
estimation of the M.L. D. than by the use of direct valuation only. 
One is based on the loss of weight, and the other on the time which 
elapses between the injection of toxin and the death of the animal. 
By utilising these two methods many experimental data which would 
otherwise be useless, become valuable for calculation}. 


Loss of Weight. 


There is usually a progressive loss of weight during the first few days after the 
injection, which reaches its maximum on the fifth or sixth day. From a very large 
number of experiments with fresh toxins the average loss of weight per day has 
been calculated. If the maximum loss on the fifth day is represented by 100 the 
average loss at the end of each day is shown in the following table. 


1a 2 G2. (8 10 a nv 
40 52 70 87 100 98 94 78 51 11 average loss of weight. 


Having ascertained the loss of weight on any of the first four days after 
injection of the toxin, it is possible by means of these ratios to obtain a calculated 
value for the maximal loss of weight on the fifth day. A definite relation is held 
to exist between such maxima and the dose of toxin. 


Calculated maximal loss of weight in grammes :— 
120 100 80 65 60° 55 50 45 40 iy atl) A) AKG 0 <0 


Dose :— 
1:30 1:20 1:10 1:00 0:92 0°85 0°78 0:70 0°61 0°55 0°50 0-45 0-40 0°35 0°35 


Time of Death. 


In a similar manner from a large number of experiments they find that if the 
animal dies in 


1 day the dose corresponds to 1°6 minimal lethal doses. 


lddays ,, A ; 1°4 ms — a 
25: hi Ae s 25 eee. 4 Ae 
De ae ye ae C15 Mr ss 
Sane. ‘. As i 10500 ey e ay 
3°3 PB] ” ” ” 1:0 ” ” ” 
ScDee ~ “ rs (0; 9'onmess 5 A 
4 ” ” 7 ” 0:91 ” ” ” 
4° Die. A 5 3h 0:85.) .5 if A 
5 ” ” ” ” 0°80 ” ” ” 


1 Arrhenius and Madsen find that the data obtained by the two methods approximate 
very closely, Craw and Dean (1907) have recently examined a large number of data from 
this standpoint. Their results do not altogether support the deductions of Arrhenius and 
Madsen. 
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6 days the dose corresponds to 0°71 minimal lethal doses. 


7 ” ” ” 9 0°64 ” ” ” 

8 ” ” ” ” 0°59 ” ” ” 

9 ” LA | ” ” 0°55 ” ” ” 
10 ” 9 ” ” 0°51 ” ” ” 
12 ” ” ” ” 0°45 ” ” ” 
14 ” ” ” ” 0-4 ” ” ” 
>14 ” ” ” ” aN0 ” ” ” 


The Relative Susceptibility of different Species of Animals to Diphtheria Toxin. 


The relative susceptibility of animals to toxins is usually recorded in terms of 
the quantity of toxin required to kill a gramme weight. The guinea-pig, being the 
animal most frequently employed for experimental work on diphtheria toxin, is 
usually taken as the standard. The guinea-pig is as a rule wonderfully uniform in 
its resistance but Ehrlich and Theobald Smith have recorded racial variations in 
susceptibility, and the English guinea-pig is stated to be more resistant than the 
German. Ehrlich has found the susceptibility of the pigeon and the guinea-pig to be 
so nearly equal that it has been possible to use pigeons for test animals, when there 
has been a dearth of guinea-pigs. Behring (1899) found the rabbit twice as sensitive 
as the guinea-pig ; other observers put them as nearly equal. The rabbit is much 
less susceptible than the guinea-pig to infection with the living bacillus. The 
horse requires only a fraction of the guinea-pig’s lethal dose per gramme to kill 
him, and the goat has a similar high susceptibility. The more resistant rat, dog, 
cow and sheep require several multiples of the guinea-pig’s lethal dose. White mice 
are very resistant requiring as much as 1,000 times the guinea-pig’s lethal dose. 

Calabrese and Zagari (1895) stated that cold-blooded animals were insusceptible, 
but Courmont, Doyon and Paviot (1895) found that frogs injected with diphtheria 
toxin, and kept at high temperatures such as 30° C., lost flesh and became paralysed. 
Reference has already been made to the susceptibility of the alligator (p. 452). 


On the Origin and Nature of the Toxin. 


On account of its enzyme-like qualities, Loeffler looked upon 
diphtheria toxin as a secretion. Gamaleia (1892; quoted by Kossel) 
thought that the toxin originated by the solution of the toxic bodies of 
the bacilli, .e., by a form of autolysis or lixiviation. In favour of this 
view he adduced the fact that, notwithstanding great bacterial growth, 
practically no toxin could be found in the culture fluid separated from 
the bacilli during the first few days of their growth. Guinochet (1892) 
and Ouschinsky (1893), who attempted to solve the question of the 
origin of toxin by growing the bacilli in proteid-free nutrient media, 
came to the conclusion that the toxin was produced by a synthetic 
process within the bacterial cell. As, however, their results in regard 
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to diphtheria were not confirmed by Frankel (1894), Hugonnency and 
Doyon (1896) or Doyon (1896), little or no growth being obtained 
on their media, much weight cannot be attached to their deductions. 
Kossel (1896) demonstrated that even a one day old culture contained 
toxin in the broth. By means of a 1°/ solution of caustic soda he 
succeeded in extracting toxic substances from the bodies of the bacilli 
killed by chloroform. From a great quantity of bacilli obtained by 
three days’ growth in ten flat flasks, he extracted 10 c.c. of a clear, 
light yellow fluid which gave no reaction with Millon’s reagent, and 
only a trace of Biuret reaction. This fluid in doses of 0°4 c.c. killed 
guinea-pigs in less than 48 hours with all the signs of typical 
diphtheria intoxication. 

In consideration of these facts, namely, the rapid appearance of 
toxin in the nutrient medium, and the very small quantity of toxin 
obtainable by solution of the bacilli, Kossel concludes that the pro- 
duction of toxin cannot be attributed to a mere autolysis of the toxic 
bodies of the bacilli. He assumes, therefore, that the toxin is elabo- 
rated from the nutrient substances by a metabolic process within 
the body of the bacillus and is excreted. 

Brieger and Boer (1896) found that after the removal of the last 
traces of soluble toxin from the bacillary bodies (which was best effected 
by washing with a concentrated ammonium chloride solution), the 
bodies of the bacilli still contained a highly toxic substance which was 
characterised by its power of causing necrosis, by its thermostability, 
and by the fact that its action was not neutralised by antitoxin. These 
results have frequently been confirmed. 

Vicquerat (1902), in a paper with somewhat fanciful views, holds 
that there are four phases in the diphtheria culture :— 

1. Formation of lactic acid by the fermentation of the carbo- 

hydrates, 

2. Ammonia and para-lactic acid formation from peptone, 

3. Solution of the diphtheria bacilli, 

4. Toxin formation. 

Murillo (1903) from his observation of the secondary rise in the 
curve of toxin formation (see p. 469) believes in the existence of an 
intrabacillary toxin without having definite views as to whether macera- 
tion, autolysis, or lixiviation is the factor at work in setting it free. 

Rist (1903) recovered the bacilli from the filter papers used in 
filtering cultures during the preparation of diphtheria toxin. The 
bacilli were heated for 24 hours with a mixture of alcohol and ether, 
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dried im vacuo over sulphuric acid, and kept zn vacuo in the dark. He 
found, in accordance with Brieger and Boer’s results, that antitoxin did 
not preserve the life of the animal against bacilli treated in this way 
and made into an emulsion with salt solution. He is inclined to 
attribute the paralysis, myocarditis, and late death generally, to the 
action of this intrabacillary toxin. 

Notwithstanding these views the writer believes that the trend 
of opinion amongst experienced workers is to regard toxin formation 
as due not to a degeneration or death of the bacilli but to a genuine 
process of secretion. 


THE CONSTITUTION OF DIPHTHERIA TOXIN. 


The greater part of our knowledge of the structure of diphtheria 
toxin is due to Ehrlich. Realising that the ordinary filtrate from a 
diphtheria culture was a very complex body, and that there seemed 
little probability of obtaining a toxin in a pure state by chemical means, 
Ehrlich proceeded to investigate the subject from a biological stand- 
point. He examined for this purpose twelve crude toxins, making for 
each certain quantitative determinations. The absolute toxicity was 
accurately measured by ascertaining the exact dose required to kill a 
guinea-pig weighing 250 grammes on the fourth or fifth day. This is 
called the minimal lethal dose (M.L. D.) and may be regarded as the 
unit of Toxin (T). The neutralisation of the toxin by means of an 
arbitrary quantity or unit of serum was next tested and two limits 
were fixed which were of great importance in determining the con- 
stitution of the toxin’. 

The quantity of toxin which is neutralised by one antitoxic unit is 
designated by Ehrlich “ L,” (limes nul=Glattwert). The mixture of 
L, and one unit of antitoxin is completely without effect on animals. 
L, (limes Tod =death limit) is the smallest quantity of toxin which, 
when mixed with one antitoxic unit, causes the death of the guinea- 
pig within five days. Now if diphtheria toxin were a simple chemical 
body, Ly. —L,=(D) the difference should be, when expressed in lethal 
doses, equal to one lethal dose. That is, the addition to the L, of one 
M.L.D. or T, should give the L; which causes the death of the 


1 The antitoxic unit, =“ a. v.” (1. E.=Immunitiitseinheit, Ehrlich) will be dealt with in 
a later section, but may be taken here as the quantity of antitoxin which is contained in 
1 c.c. of a serum of which 0-1 c¢.c. neutralises the tenfold m. ut, p. for a guinea-pig. An 
A, u. is then capable of neutralising 100 . L, D. 
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guinea-pig. To illustrate these points one may take a theoretically 
pure toxin of which the mM. L. D. or T is 0°01 ec. and the L, 1 ae. 
Then one would find that as T=0°01 cc. 


Jia EH = LOTTE. 
L, = 1-00 =100 T. 
D (difference)  =001=1 T. 


Such a state of affairs is, however, never found. To convert the 
mixture of L, and 1 A.U. into the L, one must always add more than 1 T, 
Ehrlich ascertained by working out these constants in the 12 toxins 
specially investigated that the difference between the L, and the L, was 
never a single lethal dose; it varied from 1:7 to 28 minimal lethal 
doses. Now of these 28 M.L.D. only one is required to kill the 
animal, the others appear to have been fixed by the antitoxin in such a 
manner that they produce no effect. 

From this it is clear that the absolute toxicity of a toxin and 
its power of neutralising anfitoxin do not stand in direct relation to 
one another. There must therefore be other non-lethal substances in 
the crude toxin which have the power of entering into combination 
with or neutralising antitoxin. On the assumption that a fixed 
quantity of toxin will always enter into combination with the same 
quantity of antitoxin, and having regard to the specific relation of the 
antitoxin to the toxin, the natural deduction is that these non-lethal 
antitoxin neutralising substances are derivatives or modifications of the 
toxin, and with this idea Ehrlich calls them “toxoids.” One of the 
strongest proofs of the existence of toxoids is obtained from observing 
the changes which occur on keeping diphtheria toxins. It is frequently 
found that while the quantity of toxin neutralised by one unit remains 
the same there takes place a progressive diminution in the absolute 
toxicity of the poison. Ehrlich, for example, found that the L, value 
of a toxin was 0°31, and that at first its M.L.D. for guinea-pigs was 
0003. Nine months later the M.L.D. was 0°009, that is, it had only 
one-third of its original toxicity, whereas its combining power with 
antitoxin remained unchanged, the L, still being 0°31. In this case 
although the combining power of the toxin had remained unaltered two- 
thirds of the toxin had become converted into toxoids. 

The toxoids, as a rule, are present only in small quantities in fresh 
cultures ; itis only in old cultures or filtrates which have been kept a 
long time, or which have been subjected to the action of chemical 
agents, that they are present in large quantity. The toxin molecule 
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may be regarded as possessing a stable, combining or “ haptophorous 
group” (art =I grasp) and an unstable ‘“ toxophorous group.” The 
bearing of this on Ehrlich’s theory of antitoxin production is important 
and will be dealt with later. 

If the toxoids are responsible for the large number of lethal doses in 
D, it must be due to their having different affinities to antitoxin. 
Looked at from this point of view of affinity to antitoxin, three groups 
are conceivable :— 

(1) Protoxoids, which possess a greater affinity than the toxin, 

(2) Syntoxoids, which have an affinity equal to the toxin, and 

(3) Epitoxoids, or toxones, which have an affinity less than the 
toxin}. 

Ehrlich assumes that the toxin and antitoxin in their combination 
follow the law of equivalents, and that a toxin unit which has been con- 
verted into a toxoid unit is still capable of combining with the same 
amount of antitoxin. 

If protoxoids are present together with toxin in a filtrate and 
antitoxin is gradually added, the protoxoids, owing to their great avidity 
for antitoxin, must be saturated before any of the antitoxin will enter into 
combination with the toxin. Ehrlich uses as a rough chemical analogy 
the phenomena which occur on the addition of an alkali, analogous to 
antitoxin, to two acids of different combining affinities, for example, 
hydrochloric acid, analogue of the protoxoid, and acetic acid, analogue of 
the toxin. If, for instance, a diphtheria filtrate contains 99 parts of 
protoxoid and one part of toxin and is completely neutralised by 
antitoxin, the state of affairs may be represented by the following 
equation :— 


ae OOo. —.-_—_—acum. 
99 protoxoid-antitoxin + 1 toxin-antitoxin = physiologically neutral. 
99 NaCl+1 acetate of soda =chemically neutral. 


If one adds to the mixture one equivalent of protoxoid, or, in 
analogous fashion, one equivalent of hydrochloric acid, the re-arrange- 
ment resulting may be represented thus :— 


100 protoxoid-antitoxin +1 free toxin = L, 
100 NaCl + acetic acid = free acetic acid ; 


1 KEpitoxoids and toxones. At first Ehrlich believed that the substance with least affinity 
to antitoxin was like the two others, an altered toxin, and therefore named it epitoxoid, 
but later the results obtained by the examination of three fresh toxins forced him to the 
conclusion that it was a primary secretion of the bacillus, and to mark this change of view 
he adopted the name of toxone in place of epitoxoid. 
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the elements with the greater affinity combining and leaving those with 
less affinity uncombined. 

If one adds to an L, mixture of toxin and syntoxoid further 
quantities of the original mixture of toxin and syntoxoid, the union 
of the latter is not influenced by the addition of toxin, and one finds 
that death results when the added quantity contains a toxic unit. The 
presence of protoxoids or syntoxoids then does not raise the value of 
D, since the addition of one toxin equivalent is at once evident. 

The influence of the presence of epitoxoids, or toxones, is very 
different. If one adds toxin equivalents to a mixture containing 
toxones, the former all seem to disappear without immediate effect, and 
the toxic action is only shown after sufficient toxin equivalents have 
been added to use up all the antitoxin previously occupied by the 
toxone. This is seen in the scheme :— 

90 toxin-antitoxin + 10 epitoxoid-antitoxin = physiologically neutral. 

If one adds to this 11 toxin units one obtains 

100 toxin-antitoxin + 1 toxin free + 10 epitoxoid free = L,. 

From a consideration of these facts, the reason why the difference, 
D, between the L, and the L, is not a single lethal dose becomes 
evident. It is the toxone alone which is responsible for this elevation 
of the value of D. 

The characteristics of the epitoxoids, or toxones, may be ascertained 
from a study of the effects produced on guinea-pigs by the mixtures of 
antitoxin and toxin lying between the L, and the L, doses, namely doses 
in which the toxin is not completely neutralised, and is yet not present 
in sufficient quantity to cause the death of the animal on the fourth or 
fifth day. The effects in this zone must be due chiefly to toxone action 
since it is here that the toxones, displaced by the toxin from their union 
with the antitoxin, become free. 

Non-lethal doses of toxin, containing from half to three-fourths of a 
lethal dose, when injected subcutaneously into guinea-pigs produce 
very constant results characterised by the occurrence of extensive 
infiltration, at first soft but afterwards becoming indurated, followed 
by necrosis of the skin and alopecia: paralysis with toxin alone 
is rare. 

Now in the guinea-pigs receiving toxin-antitoxin mixtures between 
the L, and the L, doses the infiltration is, as a rule, softer and 
tends to disappear without necrosis and alopecia. Even when the 
infiltration has been slight and has rapidly disappeared paralysis is 
a frequent occurrence, the onset taking place usually about the third 
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week. So common indeed is paralysis under these conditions that 
Ehrlich regards the toxone as the element in the crude toxin which 
is alone responsible for the paralysis. 


The progressive loss of toxicity in a number of toxins showed an interesting 
arithmetical relation. Ehrlich points out that a number of diphtheria toxins are so 
constituted that one antitoxic unit completely neutralises about 100 toxic units, 
that is, the L, dose corresponds to about 100 toxic units. On the other hand, in 
the majority the Ly dose contains a smaller number than this, and the number, 
allowing for experimental error, has the relation to 100 of $ or }. 

Thus Ehrlich found the following numbers 

47°5, 54°4, mean 50°9. 
33, 32, 33-2, 33-4, 35-7, mean 33°4. 


From these experiments it may be argued that :— 


(1) Toxins lose their toxic powers, in simple proportions, 

(2) The power of fixing the antitoxin is constant, 

(3) In many cases one antitoxic unit combines with a quantity 
of toxin representing 100 toxic units. 


These facts compel us to assume that the L, of these toxins 
originally contained 100 T, but that a conversion of the toxin into 
toxoids occurred in the simple proportion of 1: 2 or 1:3. 

In determining the antitoxic value of his standard serum Ehrlich 
used a toxin which contained equal parts of toxin and toxone. One 
hundred M.L. D. of that poison therefore contained 100 equivalents of 
toxin and 100 equivalents of toxone, and the quantity of serum which 
neutralised 100 lethal doses in reality fixed 200 equivalents of the 
poison. He concluded that the combining power of the antitoxic unit 
was 200, and that this unit would always combine with 200 equivalents 
of all diphtheria toxins whatever proportion of toxin, toxoids and toxones 
they might contain. 


If this neutralising power of one unit is accepted the following formulae can be 
deduced when 
a represents the number of units of toxin contained in Lp. 
Z ” ” ” ” », toxone ” ” 
and B= D — 1. 
Then 200 — Z = the amount of toxin and toxoid, 
200 — a — Z = the amount of toxoid, 
L, = (200 — Z) toxin-toxoid + Z toxone, 
Lo = (200 — a — Z) toxoid + a toxin + Z toxone = 200 equivalents. 
Adding 1 unit antitoxin. 
1 unit antitoxin + L, = (200 — a — Z) toxoid-antitoxin 
+ a toxin-antitoxin + Z toxone-antitoxin. 
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To set one toxone free, since we have 200 — Z equivalents of greater affinity, of 


of which 


: : a ; 
which there are a toxin equivalents, it is necessary to add to Lo Ne 
ae . ais the number of toxin equivalents. 

To set Z toxone equivalents free it is necessary to add 


Z 
200 — Z"* 
toxic units which must be added to 1 antitoxin unit + Lp to set free all the toxone 
equivalents which, with the addition of one toxin equivalent, produces the L, dose. 
That quantity may be designated 8 which is expressed by the difference between 
L, and Ly minus 1 M.L.D., i.e. D — 11, and a may be obtained by dividing the 


Z : 
200 — Z of which 


a are toxin equivalents, viz., the quantity of toxin solution expressed in 


Ly dose by MLD. a = ve , 80 that 
M.L. D. 


Berk 
B= 900-2" 
B (200. — Z) =Za, 
aZ + BZ = 2008, 
_ 2008 
Oe cree 3° 
This may be more conveniently expressed in the following way ?. 
Let Z = no. of toxone equivalents in the Lp dose, 
a= ,, toxin equivalents in the Lp dose, i.e., toxin expressed as M.L.D. 
Then each of the (200 — Z) toxin-toxoid equivalents may be considered to 


a, 


: a : : 
contain NA toxin equivalents. 


Now if one adds an amount of toxin (P) expressed in M.L.D. which will bring the 
Ly dose up to the L, dose — 1M.L.D., the 200 antitoxin equivalents will now be 
able to combine with an amount of toxin = a + P. 


: se @ 5 
.‘. each equivalent now contains toxin. 


But by theory Z of ‘these equivalents must be exactly equal to the amount of 
toxin added, 


a+P 3 
eer Te eee 
, ie 
1.€., Z, Seach t paras} 
Lee eae a) CL Leal 
Z = toxone = 200 (hy : _ = at =A 
a Le (ate geal 


1 As shown by Park and Atkinson (1898) and Madsen (1899) there is an error in 
deducting 1. This would be correct only in dealing with a theoretically pure toxin: it 
should be a fraction of 1. ‘ 

2 I am indebted to Dr J. C. G. Ledingham for this solution. 
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By calculating the number of toxone equivalents present in the Ly dose of 
different filtrates one finds the numbers 25, 33, 33, 50, 66, 67, and 100. These 
numbers show a similar proportional relation to 200 as is observed in connection 
with the numbers of toxin equivalents. 

Park and Atkinson pointed out that. the neutralising value of a lethal dose of 
toxin is lowest when the first considerable amounts of toxin have appeared in the 
culture. After a short period as the toxin in the culture increases, the neutralising 
value of the fatal dose begins to increase at first rapidly and then more slowly. 
After the cessation of toxin production the neutralising value of the fatal dose 
increases till it may reach five to ten times its original amount. This is quite in 
accordance with Ehrlich’s view of toxoid formation. They point out, however, that 
the changing of this limit, e.g. to the sixth or seventh day, would entirely alter the 
values of the L, and Ly and, therefore, the results of his formula. They comment 
on the difficulty or impossibility of determining the L, dose. While refusing to 
admit the value of Ehrlich’s formulae, they admit the great practical value of 
employing his antitoxic unit as a standard. 


The Method of Partial Saturation. 


A still more intimate knowledge of the constitution of a diphtheria 
toxin may be obtained by using the method of partial saturation of the 
toxin by antitoxin. This method has given most valuable results in the 
hands of Ehrlich and Madsen, on whose work this account is based. 
The results obtained depend upon the difference of avidity for antitoxin 
possessed by the various constituent parts of the toxin. To give a 
graphic record of these results Ehrlich has introduced a form of schema 
to which he gives the name of “Toxin Spectrum.” Along the axis of 
the abscissa, which is divided into 200 equal parts representing the 200 
equivalents of poison, he distributes the toxin constituents from the left 
to the right, putting to the left those with the greatest affinity, viz. the 
protoxoids, and to the right those which possess the least affinity, viz. 
the toxones. The shaded ordinates indicate the amount of pure toxin 
present at each particular part of the abscissa, and those unshaded show 
the amount of toxoid and toxone. 

The L, of a toxin containing no toxoids but only pure toxin and 
toxone in equal parts, would be represented by the following figure. 


ToxoNne 
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If in this case 28° of an a.v. is added to the L, of toxin we have complete 
neutralisation. If $39 of an a.v. is added, a small quantity of the element with 
the least affinity to antitoxin will be unneutralised, i.e. a certain amount of toxone. 
When 42° of an A.v. is added only toxone remains unneutralised. 


»”» 200 ” ” ” ” ” 
» 300 Pe + 1 lethal dose + the toxone remains unneutralised. 
» oto 3 4% 2 lethal doses + the toxone ,, 3 
” soo »” ” 40 ” ” ” ” ” 
” 205 ” ” 90 ” ” ” ” ” 

i.e., the mixture has enough toxin to kill 90 guinea-pigs. 


xo Of an A.U. is added 99 lethal doses + the toxone remains unneutralised, 
ie., the mixture has enough toxin to kill 99 guinea-pigs. 
A toxin of such simple structure as represented here has no actual existence. 


The L, of a toxin containing 50 protoxoid equivalents, 100 toxin 
equivalents, and 50 toxone equivalents, will be represented thus :— 


Protoxol D 


0 10 20 30 40 50 60 70 60 90 100 110 120 130 40 150 160 170 180 190 200 


The Lo + 388 of an A.v. will not kill a guinea-pig nor produce symptoms. 


Lo + 322 a.v. results in 1 toxone equivalent being free. 


Ly + 338 A.U. results in 50 toxone equivalents being free, and does not kill one 
guinea-pig. 

When a large number of toxone equivalents remain unneutralised we get a 
transitory oedema at the site of inoculation but not death. Paralysis and late 


death may follow. 
With Ly + 348 a.v. the 50 toxone equivalents and 1 toxin equivalent are un- 
neutralised and the mixture kills 1 guinea-pig. 


Similarly Lo + 448 a.v. kills 2 guinea-pigs. 
Ly + 366 ” 3 ” 
Lo a 398 ” 50 ” 
Ly + 200 » 80 ” 


In+ so 5, 100 9 
On the addition of lesser quantities than ;°% A.U., since all the available toxin 


is free, no more than the 100 guinea-pigs are killed. On the existence of this non- 
toxic zone is based the chief argument in favour of the existence of protoxoids, 


Lo + 3% kills 100 guinea-pigs. 


Lo oF 300 ” ” 
Lo ae xbo ” ” 


The facts may be stated, perhaps more clearly, in another way. 
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If we add to the Ly dose which we know contains # lethal doses, 335, 339) =#o, 
x$p and so on up to 3% of an A.v. we do not find any diminution of the toxicity of 
these successive mixtures; each still contains x lethal doses. Up to a certain point 
we seem to have added the antitoxin in vain ; it disappears in the mixture without 


reducing its toxicity. In the example taken this happens until we reach 3%45 when 
52. = x — 2, and so on. 


the number of lethal doses is found to be # - 1, 375 = 


The same toxin may undergo a change, half the toxin being converted 
into syntoxoid; the dichotomous division or ‘“‘hemitoxin-stadium” of 
Ehrlich, The L, now contains only 50 toxin equivalents :— 


SYNToxoID 


_ 


0 50 100 750 200 


The toxone part of the spectrum will be found unaltered : 


Lo + 289 kills 0 guinea-pigs. 


z2¢ 


15 

360 ” 0 ” 

14 

443 ” 0 ” 

148 1 

200 ” ” 

1 

465 ” 1 ” 
46 

466 ” 2 ” 

145 2 

200 ” ” 


It will be noted that now the mixture containing the Ly dose and 342 a.v. does 
not kill a guinea-pig, to do so the mixture must contain 3§§ A.u., and to kill 
two guinea-pigs }44 must be added, that is, to kill each additional guinea-pig, instead 
of diminishing the amount of antitoxin added by one antitoxin equivalent, it is 
necessary to diminish by two antitoxin equivalents, that is by 75 A.U. instead of 


by s35 A.U. In other words, half the substance using up the antitoxin is now 


atoxic. 


If we assume a still further weakening of the toxin so that the L, 
dose contains now only 30 toxic units, the distribution may be repre- 


sented thus :— 


Toxon E 


|Prororoxomsh Wy 


0 0 150 200 
31 
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Then Lo + 28° kills 0 guinea-pigs. 


268» 0 5 
460» (O » 
265» 1 ” 
366 ” 1 ” 
483 ” 2 ” 
336 ” 2 ” 
18 3 has 
88 » Boy 
Z00 ” 5 ” 
200 ” 6 ” 
Soo ” 6 ” 
200 ” 7 ” 
Z00 ©» 10 ” 
200.» 80 ” 
abo ” 30 ” 


Neither the protoxoid nor the toxone zone is here altered. In the part of the 
spectrum from 150 to 100, the distribution of toxin and toxoid is such that to 
liberate one toxin equivalent it is necessary to liberate nine toxoid equivalents. 

Ehrlich (1898-1903) has shown how this method may be applied to the study of 
the different phases through which a toxin passes. A toxin, No. 5, had at first the 


following constants : 
n= 02125 i ccm: 


L, = 0°25 e.cm. 
M.L.D. = 0:0025 c.cm. 


It will be therefore seen that the Ly contained 50 M.L.p., and the L,, being 
twice the Ly, contained 100 M.L.D. 
The toxin had three distinct phases in so far as its toxin content was concerned. 


0 10 20 30 40 50 60 70 ~80 90 100 LO. 120 BO HO 150 160 170 180 190 200 

In the First Phase the toxin had the distribution shown in the above figure, that is, 
it showed a pure hemitoxin. Every antitoxin unit added to the Ly dose reduced the 
toxicity by one half M.L.D., that is, by the addition of every 325 A.U. the mixture 
was lethal to one guinea-pig less. This happened only during the addition of the 
first hundred 545 A.U., the addition of more antitoxin only influenced the toxone 
action. 

Where the hemitoxin zone of a toxin reaches in the Ly mixture to 100 what will 
the L, dose be? The L, will be reached when 200 equivalents of hemitoxin are 
present and when one M.L.D, is left free ; then theoretically we must multiply the 
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Ly by 282 to get the L, for ths 7o6- This gives the L, as 0-253 and the ob- 
0 


served value is 0°25, a remarkably close agreement with the calculated value. 

In the Second Phase the L., had increased to 0-26 and the w.u.b. had risen from 
0°0025 to 0:003. The Ly dose now contained 42 instead of 50 M.L.D. 

The distribution of the toxin is represented in the following figure. From 80 


G0 0 2 30 40 50 60 70 80 90 100 HO 120 130 140 150 160 170 180 190 200 


to 100 only 7, of the toxin now remains unaltered. If the fall in toxicity be due 
to a conversion of the end, or tritotoxin part of the hemitoxin, into toxoid so that 
only 75 of the toxin is left unchanged, then to obtain the L, from the Lo we must 
multiply the L, not by 282 but by 738. By this calculation we obtain the L, as 
0°262, again a remarkable agreement with the observed value 0°26 “and a little 
over.” 

In the Third Phase there was no change in the toxin region but a loss of toxone 
had occurred which accounted for a change in the L, dose from 0°125 to 0°21. 

In the Fourth Phase the L, was still -26 but the m.u.p. had risen from 0:003 
to 0:004 so that 22 M.L.pD. had disappeared from the Lp. 


As shown in the spectrum figure above the disappearance was due to the ap- 
pearance of an extensive prototoxoid zone affecting the first 40 toxic units of the 
spectrum. No loss, however, in the combining units had taken place ; the toxo- 
phorous group alone and not the haptophorous group was affected. 


The schemes given will suffice to illustrate the method introduced 
by Ehrlich to record the constitution of toxins, but a simplicity of 
structure such as illustrated is never met with in practice. The 
toxins, and also probably the toxones, do not occur in the form of 
simple bodies, but fall into various sub-divisions which are differentiated 
by Ehrlich according to their avidity for antitoxin, so that in a 
descending scale we have proto-, deutero-, and tritotoxins. 

31—2 
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Still further complications exist for we must assume that every one of these 
varieties of toxin consists of equal parts of two modifications, which have the same 
relation to antitoxin but differ from one another in their relations to external dis- 
turbing influences. The one, the a-modification, is in all toxins readily converted 
into toxoid. The second, or 8-modification, varies in stability in the different 
groups as follows : 

8-modification of deuterotoxin, very stable. 
prototoxin, less stable. 
tritotoxin, very unstable. 


” 


” 


Although the conversion of the 8 tritotoxin into toxoid begins early it is never 
complete ; traces of toxin are always present in this part of the spectrum. Later 
the -prototoxin disappears altogether. Finally the @-deuterotoxin remains 
with the trace of 8-tritotoxin, and at this stage the changes cease and a stable 
condition ensues. The possibility of obtaining suitable constant test toxins depends 
on the stability of the B-deuterotoxin. 


To explain certain phenomena Ehrlich had to assume the existence 
of toxonoids. Madsen and Dreyer (1901) found that a mixture which 
was completely neutral for guinea-pigs was still acutely toxic for rabbits, 
and that mixtures containing even less toxin than this L, mixture were 
capable of producing paralysis in rabbits. To obtain, therefore, the L, 
value for rabbits it was necessary to go considerably below the L, 
value for guinea-pigs. 

From these results it appeared that toxin-antitoxin mixtures which 
showed typical toxone or paralysing action in one species, the rabbit, 
showed no observable action on another species, the guinea-pig, and 
further that what produced paralysis, or toxone action, in one species 
(the guinea-pig) produced toxin (acute lethal) action in another species 
(the rabbit). 

Ehrlich (1903) explained these results by the assumption that there 
were three varieties of toxin, each having a different degree of avidity 
for antitoxin :— 


(1) Toxin, with the greatest avidity, acutely toxic for rabbits 
and guinea-pigs and more toxic for the former, 

(2) toxone, acutely toxic for rabbits, killing guinea-pigs with 
paralysis, 

(3) Toxonoids harmless to guinea-pigs, causing paralysis in 
rabbits. 


A further investigation of the question by Morgenroth (1904) has 
shown that the assumption of toxonoids, so far as concerns these ex- 
periments, is unnecessary. He found that the explanation of the results 
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depends on two factors. Ehrlich, finding that no difference could be 
observed whether the mixtures were injected 15 minutes after the toxin 
was added to the antitoxin or after standing together 24 hours, came to 
the conclusion that the reaction was a rapid one and was completed 
within 15 minutes. This appears to be quite true only so far as 
subcutaneous injection into guinea-pigs is concerned. Dreyer and 
Madsen used in their experiments subcutaneous injection in the case 
of the guinea-pig and intravenous injection in the case of the rabbit. 
Now Morgenroth has found that when the toxin-antitoxin mixtures, 
which show only toxone action when injected subcutaneously into 
guinea-pigs, give rise to acute toxic action on intracardiac injection. 
He further found that if a long enough time, say 24 hours, is given for 
complete union to take place between toxin and antitoxin before the 
intravenous injection, the mixture, which is completely neutralised for 
the guinea-pig, is also neutralised for the rabbit. 


CONDITIONS WHICH MODIFY TOXIN. 


Time. 


Toxins are very unstable substances, and a certain period must 
elapse after filtration before an equilibrium in their constitution is 
established. Even then their stability is very uncertain, and without 
any obvious cause they may within a short time undergo great altera- 
tions in their composition. The factors at work in producing the 
changes, which occur with the lapse of time, are very obscure and have 
eluded investigation. An analogy may be found in the difficulty of 
determining the exact processes which play a part in the maturing 
of a wine. 

Several of the modifying factors to be discussed are no doubt 
concerned in the production of the changes. 


Light. 


Light, especially in the presence of oxygen, has a very deleterious 
action on toxin. A few days’ exposure to diffuse daylight, or a few 
hours’ exposure to direct sunlight, causes a marked deterioration. 
Piazza (1895) found that the red and violet rays (the heat and actinic 
rays) of the spectrum, were active, the yellow rays inactive. 
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Temperature. 


Effect of heat on diphtheria toain. 


Exposure to a temperature of 58° C. for two hours, or 100° C. for 
20 minutes, almost completely destroys the toxicity of filtrates. Toxin 
precipitated with calcium phosphate and dried-is much more resistant ; 
it withstands a temperature of 70° C., and is not much affected even by 
a temperature of 100° C. for 20 minutes. Behring holds that toxins 
heated for half an hour to 100° C. are still capable of producing certain 
toxic effects on goats and horses. 


Effect of low temperatures. 


Diphtheria toxin is unaffected by low temperatures. Sudden 
changes of temperature appear to be injurious. 


Action of electricity on towin. 


Smirnow (1894-95) stated that by means of electricity toxin could 
be modified and converted into substances which acted like antitoxin. 
His results were obtained by the employment of a continuous current 
of low tension. Kriiger (1895) by the same procedure obtained con- 
firmatory results, while D’Arsonval and Charrin (1896) obtained similar 
results with alternating currents of high frequency. 

For a brief period the hope was entertained that it might be 
possible to obtain antitoxins without the intervention of the animal 
organism. Such an idea had soon to be abandoned. Marmier (1896) 
investigated the subject in a critical and independent spirit, with the 
object of discovering whether the changes produced in toxin are due 
to the electricity itself or due to secondary phenomena, the result of 
electrical action. From his investigation he concluded that continuous 
or alternating currents of low frequency destroy or attenuate toxins by 
the production of hypochlorites or chlorine from the sodium chloride 
present in the toxin. A series of experiments performed by L. 
Martin, proved that the quantity of hypochlorites present in Smirnow’s 
experiments was greater than was necessary to protect a guinea-pig 
from a lethal dose of toxin. Currents of high frequency have, apart 
from the heat evolved, not the slightest attenuating action on toxins. 
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Oxygen. 


Oxygen also destroys toxin. Hence, toxin conserved under toluol 
retains its toxic properties better than toxin whose surface is in contact 
with the air. Brieger and Boer (1896) found it to be much more 
affected by oxidising than by reducing agents. 


Peroaides and Oxydases. 


Sieber (1901) found that diphtheria and tetanus toxin were in- 
activated by peroxides and by oxydases of animal and vegetable origin. 


Action of Chemical Agents. 


Acids, Roux and Yersin found that lactic and tartaric acids almost 
completely abolished the toxicity of the toxic filtrates. Boric acid, 
borates and phenol act in the same way, but less vigorously. On 
neutralising the acidulated toxins some of the original toxicity is 
recovered. Behring (1894) also found that the inorganic acids acted 
deleteriously on toxin. Nevertheless he observed that even 1% hydro- 
chloric acid left a considerable amount of toxin unchanged. More 
recently Ritchie (1901) has also observed that diphtheria toxin is 
capable of resisting the action of hydrochloric acid. 

Alkalies. While Behring found that a 27% solution of sodium 
hydrate had less influence on toxin than 1°/ hydrochloric acid, Ritchie 
(1901) found that diphtheria toxin was very susceptible to its action. 

Toxin modified by these means is still capable of producing im- 
munity. 

Behring found that toxin was unaffected by 1 % carbolic acid and 
also by other benzol derivatives and by pure iodoform and chloroform 
acting in the dark. The metal salts were also harmless, provided they 
did not act as oxidising agents or yield free chlorine or iodine. Only 
formaldehyde or iodine-trichloride had a greater effect than the acids. 
L. Martin observed that the hypochlorites acted injuriously on toxin, 
and Salkowski (1898) found that antiseptics in strong concentrations 
exerted a markedly destructive action. 

The action of chemical agents on toxin is further dealt with in the 
section on the purification of toxin (p. 448). 
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Effect of Bacterial Growth on Toxin. 


The growth of living germs, which have contaminated a toxin, 
exerts a markedly attenuating action. The rapidity and extent of 
the deterioration depend on the nature of the organisms, and their 
capacity to attack the different constituents of the broth. On this 
subject very little is known, but as a rule it is found that the growth 
of a mould has a much less injurious influence on a toxin than the 
growth of a bacterium. Nobécourt (1900) found that yeasts caused 
an attenuation of toxin. 


The Purification and Isolation of Diphtheria Toain. 


All attempts at the isolation of diphtheria toxin in the pure state 
have ended in failure; the negative results, however, are valuable and 
interesting from the historical standpoint. 

The first effort was made in this direction by Loeffler who by the 
addition of alcohol to a glycerine extract of a broth culture obtained a 
precipitate, easily soluble in water, which produced the pathological 
effects of the toxin. Ronx and Yersin early observed that precipitates 
caused by the action of various substances, such as calcium phosphate, 
on toxic filtrates tended to carry the toxin down with them. Brieger and 
Fraenkel (1890) were the first to systematically investigate the subject, 
and as the result of their work concluded that toxin belonged to 
the serum albumin group and gave it the name of “toxalbumin.” 
They obtained this substance by the use of such precipitating agents as 
ammonium sulphate, sodium sulphate, and alcohol. Their best results 
were obtained with alcohol, and their method was briefly as follows :— 
the broth filtrate, reduced by evaporation to one-third of its volume, 
was added to a ten-fold volume of absolute alcohol slightly acidulated 
with acetic acid. After the mixture had stood 12 hours in the ice-box, 
the precipitate was removed by filtration, re-dissolved in water, and 
again precipitated. This was repeated six to eight times, till the 
precipitate when dissolved in water gave a perfectly clear solution. The 
final precipitate was dialysed and dried in vacuo at 40°C. In this way 
a white powder was obtained which was not precipitated from its watery 
solution by boiling nor by the action of sodium chloride, sodium or 
magnesium sulphate, lead acetate or nitric acid, but gave all the other 
proteid reactions, including precipitation by carbonic acid. It was, 
therefore, closely allied to the albumoses. Its approximate percentage 
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composition was 45°35 7% carbon, 7:13// hydrogen, 16°33 % nitrogen, 
139% sulphur, 29°80 % oxygen. 

Wassermann and Proskauer (1891) employed an elaborate modi- 
fication of this method. 

Brieger and Boer (1896) carried out a number of experiments with 
the object of separating the toxins of diphtheria and tetanus from all 
other substances, such as the inactive albuminates to which they are 
bound on precipitation. 

They succeeded in obtaining double compounds with zinc salts. The 
separation of the toxin from these compounds is, however, difficult or 
impossible on account of the ease with which it undergoes destruction 
in the presence of certain reagents, such as carbonic acid, sulphuretted 
hydrogen, sodium phosphate and various acids, which consequently are 
not available, 

On the other hand, alkaline and neutral salts of the alkalis or 
alkaline earths, and especially certain ammonia salts are not markedly 
injurious and are thus suitable for the process. The method which 
gave the best results with diphtheria toxin was carried out as follows. 
Two volumes of 1% zine chloride solution were added to the sterile 
filtrate. The precipitate was washed and shaken with a volume of 
ammonium carbonate (3 to 67) equal to the original volume of the 
broth culture. Ammonium phosphate was added until solution of the 
precipitate took place and the supernatant fluid began to grow turbid 
owing to the presence of zinc phosphate. The deposit was allowed 
to settle and was removed by filtration. The filtrate was saturated 
with ammonium sulphate. The resulting precipitate contained the 
diphtheria toxin. The accompanying peptone was got rid of by 
filtration, after the repeated addition of finely powdered sodium 
sulphate. The toxin thus obtained gave no proteid reaction and was 
optically inactive. 

Wassermann and Proskauer and Brieger and Boer succeeded by 
their methods in obtaining the toxic substance from the organs of 
animals that had died of diphtheria intoxication. 

A substance of very great physiological activity is not obtained 
by any of the methods which have been described. During the manipu- 
lation a great loss of toxin occurs. 
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THE EFFECT OF THE TOXIN ON ANIMALS. 


(a) Subcutaneous Injection. 


Latent period. When a lethal dose of toxin is injected subcu- 
taneously into a guinea-pig no immediate effect is produced. The 
occurrence of a latent or incubative period is a very characteristic 
phenomenon of bacterial toxin action, and it is always observed how- 
ever large a dose is injected. If many hundred or thousand multiples 
of the single lethal dose are injected into an animal the incubation 
period may be curtailed, but it is not abolished. In the case of 
diphtheria toxin the latent period may be reduced to 8-12 hours. 

Local effect. A soft oedematous swelling is observed at the site 
of inoculation after about 24 hours. If the dose has been large, 
especially in the case of certain toxins, this oedema may extend 
from the pubes to the axilla and clavicle. This swelling becomes 
firmer during the following days and necrosis of the skin may occur. 
Alopecia of the affected area may also be present. The time at which 
necrosis occurs varies greatly according to the particular toxin injected. 
With certain toxins necrosis takes place when the dose is just below 
the lethal limit. (For morbid appearances of local lesions of lymphatic 
glands, ete., see p. 268.) 


General Effect. 


Temperature. In the first 24 hours there may be a slight rise 
of temperature which, in the case of a lethal dose, is succeeded by 
a fall which continues until death occurs, when the temperature may 
be several degrees below normal. 

Effect on the body weight. During the first 24 hours, or incuba- 
tion period, the normal increase in the weight of the animal may 
be undisturbed, and the animal’s weight may even rise 6 to 10 
grammes. When a lethal dose has been injected a marked fall in the 
weight is observed in the second 24 hours, and continues until death 
occurs. If the animal survives the injection for five or six days 
it may recover, feed well, gain in weight, and appear to be perfectly 
healthy. Notwithstanding these favourable appearances paralysis may 
subsequently develop. 

Paralysis. The paralysis may appear from the fifteenth to the 
thirtieth day, rarely earlier or later. The hind-limbs are usually first 
attacked though sometimes the first signs are apparent in the fore-limbs. 
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When the hind-limbs are first attacked the paralysis may ascend 
and affect the trunk and fore-limbs. In such cases the animal 
hes on its side unable to move, but if food is brought within 
its reach it may be able to eat quite freely as the muscles of 
mastication may not be affected. Recovery in such cases is by no 
means infrequent. The paralysis may progress, affecting the move- 
ments of the thoracic muscles and diaphragm, and result in respiratory 
death. Death, however, may be due to heart failure associated with 
degeneration of the vagus. 

In certain cases of sudden death in guinea-pigs, which had apparently 
recovered from the acute intoxication and shown no signs of paralysis, 
the writer has found extensive fatty degeneration of the cardiac muscle 
to be the only marked morbid change. 

Experimental diphtheria paralysis occurs most frequently when 
injections of living bacilli or of toxin-antitoxin mixtures have been 
employed, but it can occur from toxin alone. Ransom (1900), Madsen 
and Dreyer (1902), and the writer have all observed paralyses following 
injections of toxin. 


(b) Intra-cerebral Injection. 


The effects of intra-cerebral injections of toxin were first described 
by Roux and Borrel (1898). These authors found that toxin injected 
into the brain was more rapidly fatal than when injected subcutaneously, 
and that smaller doses were required. Intra-cerebral injection of 
toxin causes paralysis within 12 hours, often followed by death, the 
usual lesions being observed, fluid in pleural cavity, congestion of 
suprarenal glands, ete. 

In animals which have previously received large doses (40 cc.) of 
antitoxin a little toxin given intra-cerebrally causes death. In this case 
the disease is confined to the nervous system, and it lasts longer. At 
the autopsy none of the usual morbid changes are present. All the 
organs, excepting those of the nervous system, are protected by the 
antitoxin. 

The writer has found that, as the result of intra-cerebral injection of 
diphtheria toxin, typical late diphtheria paralysis, beginning even after 
an interval of weeks during which the animal seems perfectly well, 
may occur in addition to the acute effects described by Roux and 
Borrel. This effect has been obtained with pure toxin alone and toxin- 
antitoxin mixtures. A toxin which, on subcutaneous injection, killed in 
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a dose of 1, c.c., caused typical diphtheria paralysis when injected 
intra-cerebrally in a dose of 3755 cc. 


Physiological Effects on the Heart and Blood Circulation. 


Heart failure is the ultimate result of diphtheria intoxication, but 
whether this is due to the direct action of the toxin on the heart, or is 
secondary to a vaso-motor paralysis is still a matter of dispute. 


As the pathological changes have been described in a previous section (Chapter 
VII) only a brief reference to those changes which have a bearing on the physio- 
logical effects will be made here. In acute toxic cases cloudy swelling of the 
heart muscle is present within 24 hours, and in cases where the intoxication has 
lasted 36 to 48 hours extensive fatty degeneration of the fibres is already present, 
the fat globules being easily demonstrated by acetic acid, perosmic acid, or Sudan 
red. Romberg, quoted by Heinz (1905), and Mollard and Regaud (1897-99) have 
described minutely the changes observed in dogs as the result of both small and 
large doses of toxin causing death from the third to the fifteenth day. They con- 
cluded that the marked changes indicated that the weakening of the myocardium is 
one of the causes of death, but in no case did they observe the symptoms of a 
typical acute myocarditis. 

Late in diphtheria intoxication, often shortly before death, the blood pressure 
falls as was shown by Enriquez and Hallion (1895), and Beck and Slapa (1895). 
Romberg and Piissler (1899) came to the conclusion that the fall in blood pressure 
which occurs at a certain stage of the disease is not due to insufficiency of the heart but 
to paralysis of the vaso-motor centre. They arrived at this conclusion from the ob- 
servation that stimuli acting directly or reflexly on the vaso-motor centre of healthy 
animals, and thus causing a marked rise in the blood pressure, produce little or no 
effect on the blood pressure of animals suffering from diphtheria intoxication. On the 
other hand, they found that the heart was able to deal effectively, as evidenced by a 
rise in the aortic blood pressure, with an increased volume of blood when this was 
supplied to it by abdominal massage. The former experiment proved inefficiency 
of the vaso-motor centre, the latter efficiency of the heart. In regard to the latter 
observation, however, Beck and Slapa found that when the fall in blood pressure 
was rapid, going on to death, compression of the abdominal aorta did not cause a 
rise of pressure, proving the severe injury which the heart had suffered. Enriquez 
and Hallion in their investigations found that there was progressive paralysis of 
the vaso-motor centre, for stimulation of the crural nerve or asphyxiation failed to 
produce a response ; the blood vessels themselves were not paralysed, for stimu- 
lation of the vaso-constrictors of the vessels was followed by the usual contraction. 
Pressure on the aorta caused only a comparatively slight rise of blood pressure. 

Stejskal (1902) considered that the methods employed by Romberg and Passler 
were not satisfactory. A proper estimate of the working capacity of the heart can 
be ascertained by measuring not only the carotid pressure but also the left auricular 
pressure, and the ratio between these two gives the quotient of the heart’s work. 
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He used very large doses in dogs and got the effects so rapidly that it is questionable 
if they were produced by diphtheria toxin solely, or by a mixture of substances such 
as albumoses from the broth. He concludes that vaso-motor paralysis occurs at an 
early period but that there are stages when the centre is still capable of stimulation 
and yet the heart itself fails to respond. The effects of diphtheria toxin on the 
circulatory system then must be due to both vaso-motor paralysis and injury to 
the heart itself. 

Rolly (1899) thinks that the early fall in blood pressure is due to vaso-motor 
paralysis, but that this is soon followed by paralysis of the heart, which in spite of 
artificial respiration rapidly causes death. This heart paralysis is not secondary to 
the insufficient supply of blood, causing loss of excitability, as was suggested by 
Romberg and Passler, but is a direct paralysis. Rolly points out that even when 
vaso-motor paralysis is complete and the blood pressure is quite low, if artificial 
respiration is maintained, the heart goes on beating for hours. Rolly also by 
Hering’s method of employing a heart-lung circulation in an animal 24 hours 
after the injection of diphtheria toxin demonstrated beyond doubt, that in experi- 
mental diphtheria intoxication neither paralysis of the vaso-motor centre nor 
stoppage of respiration can alone be regarded as the cause of death, but that inde- 
pendent of these actions, and even when the heart is separated from the vascular 
system, heart-death occurs. Rolly could not confirm Fennyvessy’s (1896) 
observation that diphtheria toxin acts directly on the isolated frog’s heart, nor 
could he find evidence of direct toxic action on the rabbit’s heart isolated by 
Hering’s method. Even when 60 lethal doses were introduced into the small 
volume of blood in the heart-lung circulation, the heart continued to beat strongly 
and regularly for two hours. The toxin never produces an immediate toxic effect 
on the heart, but after a definite latent period a heart paralysis comes on independent 
of the earlier vaso-motor paralysis. After the latent period has passed, replacement 
of the toxic blood by normal blood can never save the life of the animal, even when 
it is introduced before the onset of the heart symptoms. According to Courmont 
and Doyon’s theory of toxin action the latent period is due to the fact that the 
injected toxin does not itself give rise to the toxic effects, but acting like a ferment 
causes the formation of the toxic substance which acts directly on the animal body. 
Rolly however failed, as many others have failed, to find this substance in the 
blood, for the blood taken from animals far advanced in diphtheria intoxication 
produced no effect on healthy animals. The toxic effect on the heart, according to 
Rolly, is due to an absorption of toxin by the heart muscle causing a functional 
change. He thinks that the sudden onset of the heart symptoms and their rapid 
development are against the view that they are due to anatomical changes. 


According to Heinz (1905) the diphtheria toxin acts injuriously 
from the outset, for even at the end of the latent period (20 hours) 
marked cloudy swelling and even fatty degeneration are visible in the 
muscle fibres. He points out that in considering the influence of the 
lesions accompanying diphtheria intoxication on the working capacity 
of the heart, its extraordinary reserve power must be kept in view. 
When the pathological changes are continuously progressive a stage 
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must come when the heart begins to flag, the beat becomes weak 
and arhythmic, and the blood pressure sinks. The sudden onset and 
rapid progress of the heart failure are not, therefore, as was main- 
tained by Rolly, incompatible with the view that the anatomical 
cardiac lesions are the cause of the heart failure and fall of blood 
pressure. 


THE FATE OF THE TOXIN IN CORPORE. 


The fate of diphtheria toxin in corpore depends on various factors; 
the susceptibility or insusceptibility of the injected animal and the 
manner of introduction of the toxin being among the most important. 
The subject will be dealt with under the following headings : 

1. In susceptible animals. 

2. In refractory animals. 

3. Behaviour in the alimentary canal. 

4. Behaviour when applied to other mucous membranes. 


1. In Susceptible Animals. 


When toxin is injected into the blood stream of susceptible animals 
it disappears with remarkable rapidity. Bomstein (1898) investigated 
this point by injecting rabbits intravenously with toxin and estimating 
the toxicity of the blood per c.c. at the time of introduction of the toxin 
and at subsequent intervals of time. The fall in the toxicity is shown 
in the following short table : 


Hours after injection :—1 3 5 8 10 to 12 
When original toxicity ' : : : K 
Fraction of original} per ¢.c.=5 M.L.D, } ee 2p 3 fe 
toxin injected When original toxicity 5 25 ‘18 15 19 
per ¢.c.=2 M.L.D. 


It will be noted that immediately after the injection the rate of 
disappearance is very rapid, but that later it becomes more gradual. 
De Croly (1897) in similar experiments found that the toxicity was 
unaltered five minutes after the injection, but that in two hours, a half 
had disappeared. Dénitz (1899), by employing another method, referred 
to elsewhere, also demonstrated the rapidity with which the toxin dis- 
appeared from the blood and became fixed, at first loosely, and ultimately 
firmly, onto the cells and tissues of the body. He found that, when 
seven lethal doses of diphtheria toxin were injected intravenously into 
a rabbit, the quantity of antitoxin which had been sufficient to neutralise 
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the toxin when the two were injected simultaneously, was no longer able 
to save the life of the animal fifteen minutes after the injection 
of the toxin. A larger dose of antitoxin could at that period 
still save the animal, but after an interval of 14 to 2 hours, no 
matter how much antitoxin was injected, the animal died. Heymans 
(1898) injected a minimal lethal dose of tetanus toxin into an animal, 
and immediately removed the blood which was replaced by transfusion 
with the blood of a healthy animal. In spite of the brief interval of 
time between the injection of the toxin and the removal of the blood, 
enough toxin had become fixed to cause the animal to succumb to 
typical tetanus. 

The rapid disappearance of the toxin from the blood is not due to 
its excretion by the kidneys or intestines, for Bomstein failed to find it 
either in the urine or in the contents of the small intestine after the 
injection of large doses. Similar negative results were obtained by 
Goldberg (1899) in the case of tetanus toxin. Cobbett (1900) showed 
that, after large injections, diphtheria toxin can be demonstrated in the 
urine. This appears to occur only when the system is flooded with the 
toxin. Salter’s (1898) observation that toxin may be excreted with the 
sweat “lacks confirmation” (Oppenheimer). According to Ehrlich the 
rapid removal of toxin from the blood is due to the avidity of the 
receptors of certain cells for the toxin. In the case of diphtheria toxin 
the receptors are probably widely distributed throughout the body, in 
the connective tissues and in various organs. Up to the present it has 
not been demonstrated that the cells of any organ have a peculiar 
affinity for diphtheria toxin such as the nerve cells have for tetanus 
toxin. 


2. In Refractory Animals. 


An animal may be refractory either because it has some protective 
substance to neutralise the toxin, or because it possesses no cells sensitive 
to the action of the toxin. As reference bas already been made to the 
natural occurrence of antitoxin in man and animals and to the ex- 
planation of natural immunity from Ehrlich’s standpoint, only a few 
words are necessary here in regard to these points. Susceptibility, 
according to Ehrlich, is dependent on the number and avidity of 
suitable receptors. These are absent or of defective avidity in refractory 
animals, hence the toxin has no point of attack on the body. From this 
it also follows that antitoxin should occur only in the blood of those 
normal animals which are susceptible to the action of toxin, since in 
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these only can superfluous receptors be thrown off into the blood. This 
is in accordance with observation. So far the existence of normal anti- 
toxin has been demonstrated in susceptible animals only (man and 
horse). As a general rule only susceptible animals furnish antitoxin in 
large amount as the result of immunisation. Wassermann and Futaki’s 
observation on the combining power of brain substance with tetanus 
toxin is of interest in relation to this subject. 

It has been shown by a number of observers (Wassermann, Futaki, 
Metchnikoff, and Asakawa), that the combining power of the emulsified 
brain of an animal is directly proportional to the susceptibility of that 
animal to tetanus toxin. For example, the brain of the susceptible 
guinea-pig has a powerful combining action, that of the more refractory 
domestic fowl has a weak combining action, whereas the brain of the 
turtle which is altogether refractory has no combining action. 

As might have been anticipated from these results the toxin remains 
circulating unaltered in the blood of such refractory animals for a long 
period. Metchnikoff found that tetanus toxin injected subcutaneously 
or intraperitoneally into the marsh turtle (mys orbicularis) passes into 
the blood and persists there for a long time. In one case the blood of 
a turtle four months after it had been injected produced tetanus in mice. 
Notwithstanding the long period of contact with the animal body anti- 
toxin is never produced in these animals. Similar observations were 
made in certain fishes and in the scorpion. The toxin appears in such 
cases to be eliminated by a slow process of metabolism. The alligator 
(A. mississippiensis), which is also refractory to tetanus toxin, if kept at 
37° C., develops antitoxin very rapidly even within 24 hours, whereas 
at lower temperatures it gets rid of the toxin but produces no anti- 
toxin. The explanation of the condition in this case is difficult on 
Ehrlich’s hypothesis. In certain cold-blooded animals such as the frog 
(Morgenroth), and in hibernating animals such as the marmot (Billinger 
and Meyer), the haptophorous group combines with the receptors at the 
low temperature, but the toxophorous group comes into action only when 
the temperature is raised. 


3. The Behaviour of Toxin in the Alimentary Canal. 


Most of the toxins fail to produce toxic effects when introduced into 
the healthy alimentary canal. In the case of diphtheria toxin this fact 
was first demonstrated by Roux and Yersin (1889). 

The toxins of diphtheria, tetanus, cholera, etc., injected per os or per 
rectum, even in enormous quantities amounting to many thousand 
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multiples of the lethal dose, produce no effect on the experimental 
animals. Snake venom (Weir Mitchell and Thomas Fraser), ricin 
(Ehrlich), and botulinus toxin (van Ermengem) may be mentioned as 
exceptions to the general rule, since they act when introduced into the 
stomach. Gibier (1896) showed that diphtheria and tetanus toxins 
injected per rectum produced no toxic action in the rabbit, dog or 
guinea-pig and that repeated doses did not give rise to immunity. 
Cassin and Charrin (1895) state that the internal coat of the intestine 
exercises a protective function against the action of certain toxins and 
that mere contact may modify the toxin. Ransom (1898) found in the 
case of tetanus toxin that guinea-pigs which had received 300,000 lethal 
doses by the mouth or about half that dose by the rectum suffered no 
apparent harm, and Nencki, Sieber and Schoumow-Simanowski (1898), 
working with diphtheria toxin, found that guinea-pigs which received 
by the stomach 600 lethal doses of the toxin remained quite unaffected. 
Rabbits which were injected in the same manner with 100 lethal doses 
suffered from a slight illness and wasting from which they completely 
recovered ; it is suggested that the illness was perhaps due to other 
causes, 

The reason of this harmlessness of the toxin when introduced into 
the gut has been the subject of much investigation. Ransom, working 
with the enormous doses of toxin mentioned, came to the conclusion 
that a large part of the toxin passed through the gut unaltered and was 
excreted with the faeces. He gave a guinea-pig per os a dose of tetanus 
toxin sufficient to cause the death of 25 million grammes weight of mice 
and found in the faeces, passed soon after the injection, sufficient toxin 
to kill 15 million grammes weight of mice. From these and similar 
results he concluded that about three-fifths of the toxin introduced per os 
escaped unaltered with the faeces. Nencki, Sieber and Schoumow- 
Simanowski, on the other hand, working with rather smaller doses of 
tetanus toxin, failed to confirm the observations of Ransom on tetanus, 
neither could they succeed in demonstrating the presence of diph- 
theria toxin in the faeces. Similar negative results were obtained by 
Répin (1895) and Carriére (1899). 

Diphtheria and tetanus toxins introduced into the alimentary canal 
do not excite the formation of antitoxin (Ransom, Carriere). Notwith- 
standing Ransom’s results most observers think that a considerable 
destruction of toxin takes place in the alimentary canal, and the factors 
giving rise to this destruction have been the subject of much inves- 
tigation. Répin (1895) found that some of the digestive fluids possess 
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a marked destructive action on toxins, both in vitro and in the intestine. 
He attributes the failure of toxins to produce their toxic effects partly to 
their non-dialysable character, for he found that when introduced into a 
ligatured loop of gut a large proportion was still present after 12 hours. 
Charrin (1898) observed that diphtheria toxin submitted to the action 
of pepsin underwent a destructive digestion or attenuation, and that the 
hydrochloric acid had only a slight influence in this action—the pre- 
cipitate obtained by the action of the hydrochloric acid had only a 
feeble toxicity. Nencki found that the sterile filtrates from emulsions 
of the stomach, and small and large intestines, had a distinct, but by no 
means constant, destructive action on diphtheria toxin. The most 
active filtrate was obtained from the small intestine. Saliva, mucus, 
and filtered extracts of the lungs, liver and brain, and suprarenal 
bodies were inactive. Pepsin was active, the acid reaction playing 
little or no part as was shown by neutralisation. Pancreatic juice is 
the most important and active of the secretions in its action on diph- 
theria toxin. Charrin and Levaditi (1899) studied the action of the 
pancreas on diphtheria toxin. The same volume of toxin was injected 
into pieces of muscle and pancreas of equal weight, and after being 
kept at 37° C. for 10 hours the toxin was extracted and tested. The 
extract from the muscle was still toxic for guinea-pigs, whereas that 
from the pancreas had lost its toxicity. Carriére (1899), using the 
ferments, obtained results in the case of tetanus which correspond in 
the main with those of Nencki, the pancreatin being the most 
powerful agent. Ptyalin, pepsin, and especially bile had a consider- 
able attenuating power; the intestinal epithelium and the intestinal 
microbes produced very slight attenuation. The leucocytic oxydases 
caused a notable attenuation. Cano-Brusso (1901) attributes to the 
mucous membrane of the alimentary canal a destructive action on toxins. 
He employed tetanus toxin in his experiments, and the results obtained 
pointed to a relation between the destructive activity of the mucous 
membrane and the susceptibility of the animal. For example, there 
was marked destruction in the case of the susceptible rabbit and 
guinea-pig, whereas in the refractory dog, cat and hen no action could 
be demonstrated. Baldwin and Levene (1901) found that pepsin, 
trypsin and papain do not merely neutralise the toxin but actually 
digest it. From this they argue that the toxin must be of proteid 
nature, since proteolytic ferments do not affect non-nitrogenous 
substances. 

These results in regard to the behaviour of the toxin in the alimen- 
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tary canal may be briefly summarised as follows. The absence of action 
of toxin when introduced in this manner may be due to a number of 
causes. The fact that toxin does not pass through an unbroken animal 
membrane has an important bearing on the subject. This alone is not 
a sufficient explanation, for certain toxins, though incapable of diffusing 
through animal membranes, are still capable of producing toxic effects 
from the alimentary canal. A great destruction of toxin must take 
place in the alimentary canal, for, in the case of moderate and even 
large doses, it frequently occurs that no toxin can be demonstrated in 
the faeces. This disappearance is due to a number of factors which are 
probably of varying importance according to the toxin employed and 
the conditions of the experiment: 1. the intestinal microbes, 2. the 
cells, 3. the secretions passing into different parts of the canal. 
These cause a great destruction of toxin, the bulk of the evidence 
being in favour of the pancreatic secretion constituting the most power- 
ful destructive agent in the case of diphtheria toxin. The first two are 
probably the least important. 


Action of Toxin on other Mucous Membranes. 


To ascertain the action of diphtheria toxin on the mucous membranes 
of the respiratory tract, Roger and Bayeaux (1897) employed the method 
of intratracheal injection in rabbits. In some of the animals false 
membranes were produced on the glottis and trachea giving rise to 
dyspnoea. From the results obtained by them they concluded that 
diphtheria toxin is capable of producing false membranes without 
previous lesion of the mucosa, 

Copez (1897) investigated the influence of diphtheria toxin on the 
conjunctiva. He employed a single instillation and, failing to obtain 
any pathological effect, concluded that the toxin cannot produce lesions 
if the corneal epithelium remains intact. Morax and Elmassian (1898) 
instilled dilute diphtheria toxin (1 in 5) every three minutes for eight to 
ten hours into the conjunctival sac of rabbits. They obtained all the 
pathological effects of diphtheria toxin, including the formation of false 
membrane. Some of the animals died of acute toxaemia, others 
developed cachexia accompanied by loss of weight. 
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CHAPTER XVI. 


THE FORMATION OF ANTITOXIN IN THE BODY. 


Discovery of antitoxins. Active immunisation. Phenomena which occur 
during immunisation. ‘‘ Marche ondulatoire.”’” The technique of immunisation 
in animals (1) with toxin modified by (a) chemical agents, (b) heat, (c) antitoxin 
(toxone), (2) with toxin only. Discussion of the value of subcutaneous and 
intramuscular, compared with intravenous, injection of toxin. The period of 
maximum concentration of antitoxin in the blood. The operation of vene- 
section. Variability in the capacity of horses to produce antitoxin. Subsequent 
history of diphtheria-antitoxin horses. Active immunisation in man. The 
effects of various chemical and physical agents on diphtheria antitoxin; Heat, 
Low temperature, Light, Gases. Filtration. The testing of antitoxin. 
Ehrlich’s method. The French methods. Attempts at the chemical isolation or 
concentration of antitoxin. The mechanism of antitoxin production. Ehrlich’s 
theory. 


The Discovery of Antitoains. 


THE treatment of every disease, to be scientific, must be preceded 
by a knowledge of its pathology including its causation. The discovery 
of antitoxin followed a series of events each of which formed a necessary 
link in the chain. We need only refer to Pasteur’s epoch-making 
fundamental work on the causation of infective diseases which formed 
the basis of bacteriology and immunity, and Koch’s extension of that 
work by which it became more and more an exact science. From an 
early period in the history of immunity there has been a tendency for 
investigation to be divided into two schools, the one dominated by the 
idea that the body fluids are chiefly concerned in tbe protection of the 
organism, the “humoralist’s” view; the other, which attributes the 
most important action to the cells, the “cellular” view, of which the 
chief supporter is Metchnikoff. More recent work has shown that 
these views are not necessarily antagonistic as was thought at one time. 
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The work of Metchnikoff and his school, on which is based the 
theory of phagocytosis, has done much to make clear the phenomena 
which take place in the struggle between the invading microbes and the 
body of the host. According to this view, immunity depends on the 
activity of the phagocytes, which have the power of moving towards and 
englobing microorganisms, which they afterwards kill and digest. The 
phagocytes have a positive chemiotaxis to the substances secreted 
by the microbes, and can themselves produce substances which are 
capable of preparing the bacilli for phagocytosis. The cells which 
have these functions are mesoblastic in origin and include most of 
the leucocytes (with the exception of the mast cells and lymphocytes), 
the endothelial cells, connective tissue cells, certain cells in the liver, 
and soon. The wonderful manner in which the evolution of the process 
is traced from a simple act of nutrition in the lower forms of animal 
life to a complex protective mechanism in the higher vertebrates, the 
ingenuity and wide range of the experiments, and the beautiful 
simplicity of the conception make Metchnikoff’s work one of the most 
remarkable achievements of biological science. The main theses of the 
hypothesis are now almost universally accepted. 

Another group of workers, devoting their attention mainly to the 
body fluids, including the blood serum, obtained results which in the 
course of their development led to a series of discoveries of the highest 
importance in the field of immunity. Fodor (1887), Nuttall (1888), 
Nissen (1889), Behring (1888-89), and Buchner (1889, 1890-3), 
discovered that the blood serum had certain bactericidal properties of a 
specific character. The bactericidal substance in normal serum was 
named by Buchner “alexin.” It was shown by Nuttall to be thermo- 
labile, being destroyed by an exposure of half an hour to a temperature 
of 55—60° C. It was soon observed that the serum of naturally immune 
animals had in some cases a more powerful bactericidal action than the 
serum of susceptible animals. 

The next great step was the observation made by Nissen and 
Behring that the serum of artificially immunised animals possessed 
this property in a very marked degree as compared with the serum 
of normal animals. They immunised guinea-pigs with the Vibrio 
Metchnikovi, and found that the serum of the guinea-pigs so immunised 
was strongly bactericidal in contrast to the serum of normal guinea-pigs. 
Bouchard (1890) made the same observation in the case of the Bacillus 
pyocyaneus. ; 

In certain cases of acquired immunity no bactericidal substance 
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could be demonstrated in the blood, and thus attention was directed 
to a condition the study of which ultimately resulted in Behring’s 
discovery of antitoxic immunity. The discovery and isolation of the 
Bacillus diphtheriae, the specific cause of the disease, by Loeftler (1884, 
see Chapter I, p. 28) prepared the way for a minute study of the disease, 
which resulted in a thorough knowledge of the pathogenic processes 
involved. Roux and Yersin (1888) first succeeded in obtaining toxin 
from the diphtheria bacillus in broth culture, and Brieger and Frankel 
(1890) published confirmatory results. 

The demonstration of the possibility of obtaining these toxins in 
culture media formed a link in the chain of events, the importance of 
which in relation to immunity was widely recognised, and resulted in 
a number of workers in Koch’s laboratory attacking the problem of 
immunity to diphtheria. Frankel (1890) succeeded in obtaining 
immunity by means of toxins which had been heated to 60°C. and 
Behring (1890) by means of toxin to which iodine trichloride had been 
added. 

From this brief outline of the history, we can see how the 
psychological moment had arrived for the discovery of antitoxic 
immunity. Behring and Kitasato in 1890 published the results of 
their experiments on diphtheria and tetanus, and in this publication 
announced the important discovery that an animal, immunised against 
tetanus or diphtheria, produces in its blood substances which are capable 
of neutralising the toxic action of the specific poison; that the blood 
serum, when injected into other animals before the toxin, can prevent 
the toxic action, and when injected even after the onset of symptoms 
can save the life of the animal. This substance, “ antitoxin,” was shown 
to possess neutralising, preventive and curative properties not only 
against the toxin but also against the infecting bacillus. The sera of 
the normal animals which they tested did not possess these properties. 
Though the results published by Behring and Kitasato concerned both 
tetanus and diphtheria, Behring (1893) in his history of diphtheria 
makes it clear that the discovery was first made by himself in the 
case of diphtheria, and that only after the diphtheria experiments were 
completed was the experience obtained from them applied by Behring 
and Kitasato conjointly to the subject of tetanus. 


This work of Behring’s must be regarded as the foundation of serum therapeutics, 
though the idea of using the serum of immune animals as a curative agent in other 
animals had occurred to a number of workers. Among those for whom a claim of 
priority has been made may be mentioned Heéricourt and Richet (1888) who believed 
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that the blood serum of a dog, which had received injections of Staphylococcus 
pyosepticus, protected rabbits against that organism, and Babes and Lapp (1889), 
who showed that the serum of dogs immunised against rabies contained substances 
which, when injected into other dogs, were capable of protecting them against 
rabies. These investigations are chiefly interesting as containing the germ of a 
great idea which came to fruition in Behring’s work. 

Behring (1893) gives a list of the methods of immunisation which were employed 
during this experimental stage of the investigation : 

1. The treatment of guinea-pigs with bouillon cultures of the diphtheria 
bacillus sterilised by heat (C. Frankel). 

2. The treatment of guinea-pigs with broth cultures of the diphtheria bacillus 
treated with iodine trichloride (Behring). 

3. The treatment of guinea-pigs with the body fluids of animals (living or dead) 
infected with diphtheria (Behring). 

4, The cure of guinea-pigs infected with diphtheria by local treatment with 
different chemical agents (Behring). 

5. The preparation of guinea-pigs and rior with hydrogen peroxide. 

6. The preparation of guinea-pigs by means of a combined method with the 
object of reaching a high degree of immunity. In this case the animals were first 
treated with weakened cultures and afterwards with gradually increasing virulent 
cultures, or with unmodified toxin (Behring and Wernicke). 

7. The treatment of rabbits by the subcutaneous injection of a heated precipi- 
tate of calcium containing diphtheria toxin (Behring and Wernicke). 

8. The treatment of dogs with increasing doses of an unmodified diphtheria 
toxin and with unmodified broth cultures of B. diphtheriae (Wernicke). 

9. The feeding of guinea-pigs, rabbits and dogs with diphtheria toxin (Behring 
and Wernicke). 

For the immunisation of larger animals, such as sheep, Behring (1895) stated 
that he preferred the combined method. 


These fundamental results obtained by Behring, Kitasato, C. Frankel, 
and Wernicke soon led to the subject being carried beyond the experi- 
mental stage. Behring and Boer, Schubert and Canon, and Kossel and 
Korte tested the serum on children with favourable results. Aronson 
(1893-4) prepared a serum which gave excellent results when used on 
patients by Katz and Baginsky. It was, however, only after Roux’s 
remarkable work first published in September 1894 at the International 
Medical Congress at Budapesth, that the antitoxin treatment of 
diphtheria became established on a firm practical basis. Roux in his 
address, and in his work published in collaboration with Martin and 
Chaillou (1894), gave such a clear exposition of the methods and the 
results that a very wide interest and enthusiasm were aroused. In this 
work Roux gave exact details as to the methods of growing the bacillus 
and obtaining the toxic filtrates. The processes involved in immunising 
the horses, in obtaining the serum, the result of testing the serum 
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experimentally on small animals, and the influence of the treatment on 
patients were all stated in the most lucid and precise terms. Indeed, 
the work of Roux and his colleagues was so complete that it left room 
for improvement and investigation in little else than detail. 


ACTIVE IMMUNISATION. 


The active immunisation of animals and man is carried out by the 
repeated injection into the body of toxin, or of toxin modified by the 
action of physical or chemical agents or by antitoxin. A preliminary 
passive immunity may be conferred by the use of antitoxin. In rare 
cases the unfiltered cultures are employed. A discussion as to the 
relative value of the different procedures will follow under the heading 
“Technique of Immunisation” (p. 506). 


The Phenomena which occur during Immunisation. 


At the beginning of the immunisation the injection of toxin into the 
horse, goat, etc., is in many cases followed by swelling, oedema, and 
tenderness at the site of inoculation, with rise of temperature, loss of 
appetite, and the appearance of general malaise. These phenomena 
last for.a few hours or days, according to the amount of toxin injected 
and the sensibility of the particular animal to the toxin. Sometimes 
in the horse, throughout the whole process of immunisation, the effects 
produced are of the most trivial character, the animal remaining 
apparently unaffected and gaining weight whilst under treatment. 

The study of the rise and fall in the amount of antitoxin in the 
animal body during immunisation was first undertaken by Brieger and 
Ehrlich. From the investigation of the milk of a goat immunised 
against tetanus, they demonstrated how the antitoxin production was 
influenced by toxin injections in an actively immunised animal. When 
the antitoxic value was plotted out as a curve its undulations were 
found to assume a definite form. The relation of the fluctuations in 
the amount of antitoxin in the blood to the injection of toxin was 
further studied in other immunisations, for example, by Salomonsen and 
Madsen in diphtheria, by Morgenroth in rennin, and by Forssman and 
Lundstrom in botulism. 

In all the cases of immunity against toxins, which have hitherto 
been investigated, these fluctuations have borne a general likeness to one 
another, the resulting curves being of similar configuration, so that they 
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appear to obey a general law. Salomonsen and Madsen were able to 
study the “marche ondulatoire” of the immunisation in the case of a 
milch mare, which had been immunised against diphtheria toxin. They 
ascertained the antitoxic value of the blood serum and of the milk, and 
were able to confirm fully the results previously obtained by Ehrlich 
and Brieger. 

Four phases can be distinguished in the fluctuations following a 
toxin injection (see Chart 1): 


Chart 1, showing the effect of a Single Toxin Injection on the Antitoxin Curve. 
From the 10th day there is a fall at first rapid, later more gradual, the 
curve ultimately running almost parallel to the base line, asin the position 
seen to the left before injection. 


140 


100 


Days after Toxin 2 4 6 8 10 12 
Injection 


First Phase. Immediately after the injection of the toxin there is a 
fall (or negative phase) in the antitoxic value of both the blood and the 
milk. This lasts for two or three days and is followed by the second 
phase. 

Second Phase. During the second phase the antitoxic value rises 
till it attains a higher level than it possessed before the injection of 
toxin. The maximum of the rise is reached about the tenth day after 
the injection and is probably of very brief duration. 
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Third Phase. During the third phase the antitoxic value begins to 
fall, at first rapidly, later more slowly. 

Fourth Phase. During the fourth phase the antitoxic value reaches 
a fairly constant level or position of equilibrium, during which the curve 
runs almost parallel to the base line. 

Salomonsen and Madsen drew attention to the interesting point, that 
the fall in the antitoxic value occurring immediately after the injection 
of the toxin could not be accounted for by the neutralisation of antitoxin 
by the toxin injected. In one case, for example, the injection of 1 
litre of a particular toxin caused a fall in the antitoxic value from 100 
to 65 units per cc. Now 3'8 ce. of the blood of this horse if mixed in 
vitro with a litre of the toxin would have completely neutralised it. In 
a later communication Salomonsen and Madsen believed they could 
demonstrate a similar fall in the antitoxin of the blood by the adminis- 
tration of morphine, and an increase by the administration of pilocarpin ; 
results which supported their views in regard to a negative phase and 
to the secretion of antitoxin by the cells. 


THE TECHNIQUE OF IMMUNISING OF ANIMALS. 


1. With toxin modified by (a) chemical agents, (b) heat, (c) anti- 
toxin (toxone). 
2. With toxin only. 


1. Immunisation with modified Toxin. 


(a) Chenical agents. In some laboratories the method of modi- 
fying the toxin by iodine trichloride is still used during the early 
stages of the immunisation. 

(b) Heat. A modification of the method first successfully em- 
ployed by C, Friinkel was suggested by Cartwright Wood (1896), who 
grew the bacillus on a mixture of serum and broth, filtered the 
culture through a Pasteur-Chamberland candle, and heated to 65° C. 
for one hour. The horses received large doses of this fluid, 380 c.c. in 
three doses in the first twelve days. It was claimed for this method 
that it was safe and rapid and that the toxin was essentially different 
from ordinary toxin. It is probable, however, that we are dealing either 
with toxoids or with a toxin which has undergone a fractional destruction. 
After a considerable experience of this method the writer abandoned it 
for the method described later (p. 509). 
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(c) Toxin modified by, or employed together with, antitowin. After 
the demonstration of the wonderful preventive power of antitoxin, it 
naturally occurred to a number of workers that the dangers attending 
the early stages of immunisation might be averted by the use of anti- 
toxin given before or at the same time as the toxin, or as a toxin-anti- 
toxin mixture. 

Nikanorow (1897) found in the case of two goats that, under the same 
conditions, the one which received toxin on one side of the body and 
antitoxin on the other side gave an antitoxin value of 45 antitoxin 
units, whereas the other, which received only toxin, gave 15 anti- 
toxin units. He employed also, in the case of the horse, a number of 
injections of antitoxin before beginning the treatment with toxin, and 
claimed that one could thus obtain rapidly and safely a very high 
antitoxic value. 

Kretz (1901) in the course of a study of the paradoxical phenomenon, 
that an animal may die of toxaemia and yet have a large quantity of 
antitoxin in its blood, performed several immunisations, which are of 
interest in relation to the influence which antitoxin injections may exert 
on the production of antitoxin by the animal body. The results obtained 
in the case of four horses were as follows :— 


Method of administering Method of Resulting value 
Horse toxin and antitoxin injection of antitoxin 
it Toxin and antitoxin mixed at room Intravenous = 2A 
temperature for 18 hours 
2: Do. do. do. Subcutaneous SSW GU 
_ hE Same quantity of serum. ‘Toxin Intravenous =c. 20 AU. 
12—15 hours later 
4, Do. do. do. Subcutaneous +100 
c. 500 a.v. 


It would thus appear that hyper-neutralisation of the toxin is 
unfavourable to antitoxin production, whereas preventive injection of 
antitoxin at least allows antitoxin production to proceed. Whether 
it hinders or aids cannot be ascertained from these experiments, 
Dzierzgowski (quoted by Eisenberg, 1903) failed to obtain any anti- 
toxin by injecting neutral mixtures of toxin and antitoxin into four 
goats, two dogs and two horses. 

Arloing, Nicolas and Antoine (1901) investigated the antitoxin 
production in dogs injected with mixtures of antitoxin and toxin, or 
antitoxin and bacilli. The antitoxic value of the blood serum was so 
low that it could be altogether accounted for by the antitoxin injected. 


1 a,U, =antitoxin units (see p. 521). 
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Arloing and Nicolas (1901) carried these experiments further, using 
the ass as the experimental animal. In one case, after a long treatment, 
a very weak antitoxin was obtained by the simultaneous injection of 
antitoxin and toxin in different parts of the body. In a second ex- 
periment they used three animals. The results of these experiments 
are shown in tabular form below. 


Antitoxic value of Preventive 
Animal Immunised with the serum per ¢.c. strength 
Ass 1 Toxin alone: 131 c.c. 80 a.v. 1 : 50,000 
Ass 2 Toxin and antitoxin at different places: 60 a.v. 1: 5,000 
446 c.c. toxin 
149 ¢.c. serum 
Ass 3 Mixture of toxin and antitoxin as above 10 a.v. 1:500 


N.B. The antitoxic value of the serum was ascertained 20 days after the last injection. 


It is clear from this table that the best results are gained by the 
use of toxin alone; where the toxin and antitoxin are injected at 
separate parts of the body a fairly high antitoxic value is reached; the 
poorest result is that obtained by the use of a toxin-antitoxin mixture. 

Atkinson (1903) gives the results obtained in a series of 100 
horses. Over-neutralised toxin-antitoxin mixtures were employed in 
the first stages, and four months were required to reach a maximum 
antitoxic value. The doses were repeated every five to seven days, 
and were increased each time by a quarter toa half. By this method 
one half of the horses develop sera of 300 units per c.c., and one-fourth 
develop sera of 500 units per c.c. or more. 

Madsen and Dreyer (1901) by immunising with mixtures of toxin 
and antitoxin in which only the toxone was free succeeded in obtaining 
antitoxin; an observation of great importance from the theoretical 
standpoint. 

Since the publication of the work of Dzierzgowski and Kretz, 
Morgenroth has shown that the union between diphtheria toxin 
and antitoxin is not so rapid as had been imagined, consequently 
it seems probable to the writer that the slight antitoxin production is 
due to a small amount of free toxin reaching the necessary cells, before 
combination has had time to occur. The same argument can be applied 
to the case where antitoxin is given as a preventive inoculation at the 
beginning of immunisation as in the work of Kretz and others. If this 
view be correct it has yet to be proved that the previous injection of 
antitoxin is of any advantage. ‘The writer, from personal observation, 
has a strong impression that the injection of antitoxin in the early 


G. DEAN 509 


stages of immunisation is unfavourable to the attainment of a very 
high antitoxin production. These considerations, and those dealt with 
in the following section, led the writer to adopt a method of immunising 
with unmodified toxin alone. 


2. Immunisation by Toxin alone. 


The employment of toxin alone as the immunising agent in the 
preparation of diphtheria antitoxin has been in wide use since the 
publication of Behring’s and Roux’s early results. 

The methods just described have been introduced with the view of 
avoiding the risks attendant on the process of immunisation, especially 
during the first stages, or in the hope of shortening the period necessary 
to obtain antitoxins of sufficient strength to be of practical value. So 
far as the writer’s experience goes an immunisation which is both com- 
paratively safe and rapid may be attained by the use of toxin only. 
Safety may be secured by beginning with very small doses of toxin. 
The chief difficulty in this respect is the varying susceptibility of 
individual horses. An interesting example of this occurred in his 
experience. Three horses each received | c.c. of a particular toxin as 
a first injection. One of the three died within five days with all the 
signs and symptoms of an acute toxaemia, whereas the other two 
were so little affected by the first injection that they had already 
received their second injection before the death of the first horse. 
After this experience the first dose was reduced to O‘lec. but even 
this was found to be too high for certain animals, so that now an initial 
dose of about 0°01 cc. is employed. 

In regard to the frequency with which the injections ought to be 
repeated, reference must be made to the antitoxin curves of Ehrlich 
and Brieger, and Salomonsen and Madsen (p. 505). From their curves 
the authors naturally deduced that the most favourable time for 
repeating the injection of toxin occurs when the curve has reached its 
maximum point. It would seem at first sight that fresh injections at 
these times would lead to an almost indefinite rise in the antitoxic 
strength of the blood. As first pointed out by the writer (Dean, 1899) 
however, the highest antitoxic values are not reached by the procedure 
based on this theory. Higher antitoxic values are attained by injecting 
the animals within the first three days after the previous injection, that 
is, during the period of fall of the curve or negative phase. It would 
seem as if this must result in a summation of negative phases ultimately 
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causing toxaemia and death. This does not occur, however, and the 
opinion expressed in the communication, to which reference has been 
made, has been confirmed and strengthened by the results obtained 
with more than fifty horses. 

To get a correct idea of the events Ash probably occur during 
this method of immunisation it is necessary to form a mental picture of 
a summation, or super-imposition, of curves. Madsen explains the 
better results which are obtained by injecting every third day instead 
of on the day when the antitoxin curve is supposed to reach its greatest 
height, in the following words: 


“The period of production, on an average nine days, can approximately be 
divided into three periods : three days of incubation, thereafter three to four days 
to the maximum of production, and lastly two to three days to the end. Thus, an 
injection given three days after another will have its maximal production at the 
time when the effect of the first has ceased. In this way no interruption in 
the increase of the antibody will take place. If the injection is given on the day of 
the acme, six days or so will pass before the maximum of production is reached, 
and during those six days a considerable loss of antibody occurs.” 


The form of curve obtained during such an immunisation was very 
thoroughly studied in the case of one horse “ B,” complete charts of 
the early stages of the immunisation of which are given (Charts 2 and 8). 
The antitoxic value of the serum of the horse was tested before im- 
munisation, and immediately before every injection a small sample of 
blood was taken from the jugular vein and its antitoxic value tested. 
It would be impossible to study the curves of many animals so minutely 
as was done in this case, seeing that each point in the curve requires 
for its determination from four to 10 guinea-pigs. The result is not 
exceptional as the antitoxin in many of the horses reached a higher 
value in the same time (see Table, p. 514) than is recorded in the case 
of this animal}. 

Before a fresh injection the swelling, stiffness, slight loss of appetite 
and rise of temperature resulting from the previous injection must all 
have disappeared. In the later stages of immunisation slight swelling 
at the site of injection may be disregarded. 

This method of rapid immunisation does not give a larger number 
of accidents than any other, and has the advantage of giving a higher 


1 Since this was written Dr T. C. G. Ledingham (1907) has worked out in the Lister 
Institute and published a similar complete antitoxic curve obtained by the same process of 
immunisation. 
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Chart 2. A typical Antitowic Curve obtained by the rapid 
method of Immunisation. 


UNITS OF 


ANTITOXIN 
per c.c. 700 


800 +400 


100 


0 eee 
DAYS 5 10 25 30 35 40 45 50 


The dotted line indicates the number of antitoxic units per c.c., and the 
uniform line the quantity of toxin injected. 
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Chart 3, showing the first stages of Chart 2 on a larger scale. 


UNITS OF 
ANTITOXIN 


less than 
25 unit 


Dotted line indicates antitoxic units per ¢.c., uniform line volume of toxin in c.e. 
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antitoxic value in a very short time; both matters of great practical 
importance. 

- The essential points of the method, which the writer has found most 
useful in immunisation, are: 

1. The employment of pure toxin only. 

2. The injection during the initial stages of only small doses 
beginning with say 1/100c.c., very frequently repeated. 

3. The choice of the period of negative phase for the injection, if 
possible on or before the third day after the previous injection. 

4. The increase in the dose over the previous dose must be 
regulated but is usually 50 to 100%. 

5. By this method when a final injection of say 1,000 cc. has been 
reached, the antitoxic value is found in many cases to have attained its 
maximum. ‘This occurs within a period of seven to eight weeks. 

The following Table gives the dates and doses of a typical 
immunisation. 


Type of Immunisation 


May 31st 0:01 ¢.c. Toxin! June 17th 15c.c, Toxin 
June 1st 0-02 , », 20th 30 oi 
ord 0-1 m 5 w2end 50 3 
> 4th 0:25 Ap », 24th 100 . 
OL 0°5 Fe » 27th 200 bs 
», oth 1:0 a », 30th 400 AA 
5, LOth 2 a July 4th 500 - 
ay Bian 4 9 ae (Ata 1000 a 
,, 15th Ber i. 


1 This toxin kills guinea-pigs of 250 grammes weight in a dose of 1/400 ¢.c. The early 
injections were pushed on rapidly in this case as they gave rise to no local or general 
reaction. 


The results obtained in a continuous series of 57 horses are shown 
in the following Table. In comparison with other methods the mortality 
is not excessively high ; three horses out of the 57 having died of acute 
diphtheria toxaemia, an acute toxaemia mortality of 53%. 

Thirty-eight out of 54 survivors (704% or 66°7 /% of total number) 
produced antitoxin having an antitoxic value above 500 antitoxic units 
at some period of the immunisation. 
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Table of results obtained by the writer using the rapid method of 
immunisation in a continuous series of 57 horses. 


Percentage of horses with units indicated 
a ee SS ee 


Units of antitoxin No. of horses On surviving horses On total horses 
1000 7 13 12°3 
900 ff 13 12°3 
800 2 Ort 3°5 
700 1 19 1:8 
600 10 1 18°5 17:5 
500 iil 20°4 19°3 
400 9 16°6 158 
300 5 9°2 8:8 
200 1 1:9 1:8 


a 


less than 20 19 1:8 


Three animals died of acute diphtheria toxaemia, 


DISCUSSION ON THE VALUE’ OF SUBCUTANEOUS OR INTRAMUSCULAR 
COMPARED WITH INTRAVENOUS INJECTION OF TOXIN. 


Cobbett (1896) from his experience suggested that good results 
might be obtained by a combined method of subcutaneous and 
intravenous injection. It seems certain, however, that the method of 
subcutaneous injection is superior to the intravenous. Dzierzgowski 
(1902) indeed, from a very wide experience, holds that the injection of 
toxin into the blood stream does not contribute to antitoxin production. 
He believes that the toxin injected intravenously is at once neutralised 
as it would be in wtro. In the case of subcutaneous injection only a 
small part diffuses into the blood, the bulk becomes attached to the 
cells of the subcutaneous tissue which are then stimulated to antitoxin 
production. 

According to this view the production of antitoxin is a process 
which occurs locally at the site of injection. There is much to be said 
in favour of this local production of antitoxin. One of the strongest 
arguments is an experiment by Romer (1901) who showed that if a 
toxin was repeatedly injected into the conjunctiva of one eye of an 
animal, that conjunctiva, at a certain stage, could neutralise a given 
dose of toxin, whereas the other unimmunised conjunctiva possessed no 
such neutralising properties. 

Forssman (1905) investigated the question as to whether antitoxin 
production resulted from the intravenous injection of botulinus toxin. 
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He found that intravenous injection did give rise to antitoxin formation 
but that, whereas the antitoxin curve resulting from subcutaneous 
injection reached its maximum on the fifteenth day, the curve resulting 
from intravenous injection was highest on the tenth day. Forssman 
does not believe that toxin and antitoxin interact in the same way in 
the animal body as in witro. He shows from Dzierzgowski’s own 
figures that there is evidence of antitoxin production though to a very 
slight extent. 

The writer’s experience is limited as to the value of intravenous 
injection in diphtheria immunisation. In the case of three horses, 
where a certain rise in the antitoxin curve might have been antici- 
pated as the result of a subcutaneous injection, an intravenous injection 
of toxin was given. This was followed by little or no rise in the 
antitoxin curve. The subsequent subcutaneous injection of the same 
dose of toxin was followed by the expected normal rise. (See Chart 4.) 


Chart 4 of Antitoxin Curve before and after Intravenous and 
Subcutaneous Injections. 


ee ee er ee es ee 
See ae 
Mees iz 
oe eee an 
> tate ala 


Days. 5 OEM O aT S aaCO aan ome 40 | 24a OO 


Units 


Per. c.c. 


250 


200 


150 


100 


At the time indicated by the arrow on the left 1000 ¢.c. of toxin were injected intra- 
venously, and at the time indicated by the arrow on the right 1000 c.c. of the same 
toxin subcutaneously. 


Tue PerR1iop oF MAXIMUM CONCENTRATION OF ANTITOXIN 
IN THE BLoop. 


The study of the antitoxin curves (p. 505) has shown that the 
antitoxin reaches its maximum concentration in the blood about the 
tenth day after an injection of toxin. In the preparation of antitoxin, 

33—2 
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therefore, a period of from eight to twelve days is allowed to elapse after 
the final injection of the series before the removal of the blood. 


The Operation of Venesection. 


This is carried out under strict asepsis. After sterilisation of the field of opera- 
tion a small incision is made through the skin over the jugular vein in its long axis, 
and through this a quill-cut cannula is introduced into the vein which is made to 
bulge by pressure. To the cannula is attached a rubber tube, by means of which the 
blood is conducted into sterilised glass vessels. The amount of blood withdrawn 
varies from 6 to 10 litres according to the size of the animal. The blood may be 
allowed to clot or may be defibrinated. The serum after being decanted into sterile 
vessels is the fluid generally known as antitoxin though the actual antitoxin present 
must constitute only a small fraction of the total serum. 


Interval between Venesections. 


At least a month is allowed to elapse between the venesections. After a short 
period of complete rest a few injections of toxin are given to excite the antitoxin 
production before each withdrawal of blood. 


VARIABILITY IN THE CAPACITY OF HORSES TO PRODUCE 
ANTITOXIN. 


Apart from other circumstances there is no doubt that considerable 
individual variations occur among horses in regard to their capacity for 
antitoxin production. 

The most striking example in the writer’s experience occurred in 
the case of the last horse in the table on p. 514. This animal was 
immunised at the same time as another, the same toxin was employed, 
and the course of immunisation throughout was practically identical in 
both cases. The serum of the one animal contained 700 A.U. per c.c., 
whereas that of the other animal had a value of under 20 A.U. per cc. 
According to Ehrlich’s view this animal must have had some peculiarity 
or defect in his side-chains. Such a marked absence of the power of 
antitoxin production appears to be comparatively rare. 


SUBSEQUENT HIsToRY OF DIPHTHERIA-ANTITOXIN HORSES. 


The period durmg which animals produce a high-grade antitoxin 
may vary from six months to several years. In the history of most, if 
not all, antitoxin /horses, there comes a time when the injection of toxin 
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is not followed by the usual response of antitoxin production. No 
matter how severe the stimulation the antitoxin curve goes steadily 
down. This is shown in Chart 5. If, when signs of this fall begin 
to appear, a rest of several months is given, the animal may at the end 
of that time be found to have recovered the property to a large extent. 


Chart 5, showing typical Antitoxin Curves of Horses during 
Diphtheria Immunisation, 


Antitoxic 


Uni 


ts 


ar w Pak 
7000 


900 


A and B are common types in the case of the higher grade horses. All the curves, 
especially C, show the tendency to fall after a time in spite of the stimulation of 
the animals by large injections of toxin. 


ACTIVE IMMUNISATION IN MAN. 


The active immunisation of man in the case of diphtheria has been 
little practised. So far as the writer has been able to ascertain only 
one case has been recorded. 


This was carried out in the case of a female patient, one of a group of cases 
of chronic disease of the upper air passages (Kahnert (1900)). In these cases 
virulent diphtheria bacilli were found, and the serum of the patient contained 
antitoxin. As usual in such chronic infections of the nose the injection of anti- 
toxin had no effect on the pathological process. With the view of ascertaining 
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whether an increase of the antitoxin content of the blood would effect an improve- 
ment, Kahnert, using a toxin standardised by Ehrlich, proceeded to try active 
immunisation. The patient received the following injections :— 


On 28th March 0:005 ¢.c. diphtheria toxin 
5th April GOL ace: x Me 
llth April 0015 c.c. f x 
18th April O02 Recic: 5 sp 
30th April 0°02 c.c. “ e 
7th May 0:03 c.c. + Ny 
15th May 0:04 c.c. ~ x 
25th May 0:06 ce. 43 x 
12th June 0:08 c.c. 


The injections caused at first painful swellings at the site of inoculation, and had 
to be discontinued for reasons not connected with the treatment. Whether the 
great improvement in the condition which occurred was attributable to the treat- 
ment could not be decided, as the better seasonal climatic conditions may have had 
an important influence. The state of the mucous membrane and _ bacteriological 
findings were not altered. 


Such a heroic measure as active immunisation would be only 
justifiable in troublesome chronic cases. It is possible that the 


bactericidal serum suggested. by L. Martin may prove useful in cases of 
this type. 


ErFrecr oF VARIOUS PHYSICAL AND CHEMICAL AGENTS ON 
DIPHTHERIA ANTITOXIN. 


Effect of Heat on Antitoain. 


Van de Velde (1897) found that temperatures of 60°, 65°, and 70°C. 
had an injurious effect on both antitoxic and antimicrobial sera. 
Marenghi (1897) found that serum could be heated at 55° C. in open or 
closed tubes for five hours and still retain its antitoxic value unaltered. 

This is in agreement with Spronck’s (1898) view who found that 
on exposure to 59° C. for twenty minutes only a very slight loss in 
antitoxic power occurred, whereas the substances which give rise to the 
unpleasant after-effects, such as skin eruptions and joint-pains, were to 
a large extent eliminated. Even comparatively low temperatures acting 
for a long period have a deleterious action. Thus Miiller (1898) found 


that a great loss occurred when the serum was kept at 37°C. for two 
months, 
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Dry antitoxin is very resistant to external influences. Camus 
(1898) found that dry antitoxin resisted a temperature of 140°C. for a 
quarter of an hour, 


Effect of Low Temperatures. 


Low temperatures have no bad effects on antitoxin. Bujwid (1897) 
found that freezing did not lower the antitoxic value even when 
repeated several times. ‘The temperature of liquid air does not diminish 
the antitoxic value (Macfadyen). 

Bujwid (1897) believed that he could concentrate antitoxin by 
means of a process of alternate freezing and thawing. He states that 
during freezing colourless water crystals at first appear, and extend in 
various directions till most of the serum is frozen, with the exception of 
a small volume of brownish fluid. The serum, on thawing at room 
temperature, forms two layers; an upper clearer layer which contains 
almost no antitoxin, and a lower layer of an intense yellow colour, which 
contains almost all the antitoxin. The freezing and thawing is repeated 
two or three times, and in this way a strong concentration of the anti- 
toxin results’. 


Effect of Inght on Antitoain. 


Antitoxin is much less sensitive to the action of light than toxin. 
Marenghi (1897) found that the Roman July sun acting on antitoxin 
for several days produced a bleaching of the serum but no effect, or only 


a very slight one, on the antitoxic value. 
Miiller (1897) on the other hand found that daylight was injurious. 


As might have been anticipated red or yellow light was much less 
deleterious than green or blue light. 


Effect of Gases on Antitoain. 
Air, oxygen, nitrogen, hydrogen, and especially carbonic acid were 
all found by Miiller to have an injurious action. 


Reference will be made to the action of various ferments in the 
section on the behaviour of the antitoxin in the alimentary canal. 


1 The writer failed to find Bujwid’s method useful in practice. 
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Effect of Filtration on Antitoxin. 


Martini (1896) first showed that a certain loss in antitoxic value 
resulted from the filtration of a serum. This was denied by Dzierzgow- 
ski (1897) who found that no diminution took place. With the object 
of solving the question, Cobbett (1898) carried out a number of tests 
from which he concluded that there is an undoubted loss of antitoxin 
both with the Berkefeld and Pasteur-Chamberland filters. The loss 
depends on the size of the pores of the filter, but even in the case of the 
Berkefeld filter it may reach to 30'/ of the antitoxin present, and when 
Martin’s gelatine filter is used all the antitoxin may be kept back 
(Brodie, 1897). The loss of antitoxin is progressive owing to the pores 
of the filter becoming more and more blocked. ‘The writer has found 
that when the ordinary “V” Berkefeld filter is employed with a low 
pressure, the loss is so slight that from the practical point of view it is 
negligible. In any case the antitoxic value should be determined after 
and not before filtration. 

When kept under moderately favourable conditions, in a dry cool place, 
and in the dark, diphtheria antitoxin keeps for years, as has been shown 
by Miller (1905) among others. The higher potency sera deteriorate 
rather more rapidly than the lower. (For preservation in the dried state 
um vacuo see p. 521.) 


THE TESTING OF ANTITOXINS. 
Ehrlich’s method. 


Although it is unnecessary here to give a minute account of all the 
phases in the evolution of Ehrlich’s method of testing antitoxin which 
led to the method at present practised, a brief description of some of 
the more important stages is desirable in order to obtain a clear under- 
standing of the basis of the method. 


The method first employed by Behring of injecting antitoxin into one part of the 
animal and living culture into another part was soon abandoned owing to the 
irregularity of the results. Ehrlich, Kossel and Wassermann (1894) found that 
greater accuracy was attained by mixing the toxin and the antitoxin in vitro, and 
subsequently injecting the mixture into a guinea-pig, which was early selected as 
the most suitable animal for test purposes. The standard-at this period was an 
old test toxin of Behring’s and the test dose employed was ten times the minimal 
lethal dose for a guinea-pig of 200 to 300 grammes weight. The unit at that time 
was the quantity of serum which completely neutralised the action of ten lethal 
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doses of the toxin, 7.e., prevented the occurrence of all local or constitutional effects. 
Later, as the antitoxins became stronger, Behring and Ehrlich, while retaining ten 
minimal lethal doses as the test dose of toxin, changed the wnt to ten times the 
quantity of serum which would completely neutralise the ten lethal doses, that is 
to say, the antitoxic unit was now fixed as the quantity of antitoxin which would 
neutralise 100 M.L. D., for a guinea-pig weighing 250 grammes. For example, if 
0'1 cc. of a serum mixed with ten M.L. D. of the test toxin and injected into a 
guinea-pig behaved towards the animal body as an indifferent substance, then 1 c.c 
of this serum contained one antitoxic unit. If 0°001 cc. of a serum produced the 
same result then the antitoxin contained 100 units per c.c. 


Ehrlich at this stage undertook his epoch-making study of the 
diphtheria toxin, a brief outline of which has already been given (p. 473). 
He became convinced that both diphtheria toxins and antitoxins in the 
liquid form were unstable bodies, and found that attempts to use either 
as standards led to unsatisfactory results. For example, it was found 
that the neutralisation point of a particular toxin and antitoxin remained 
constant for more than one year, and yet on closer investigation both 
toxin and antitoxin were shown to have become weakened. It was 
observed that in certain cases the loss in antitoxin ran parallel to the 
loss in toxin, and this fact was especially liable to lead to error. It 
was therefore clear that constancy of the neutralisation point was no 
sure guarantee of constancy in the test solutions. 

Ehrlich argued that from the chemical side the agents most likely to 
cause these changes were (1) water, through hydration, (2) oxygen, by 
causing oxidation, (3) light, and (4) heat. The last two can be easily 
eliminated, and he proceeds to consider how best to avoid the action of 
water and oxygen. Though it is possible to obtain diphtheria toxin in 
the dry state by precipitation with ammonium sulphate there are certain 
objections, as pointed out by Ehrlich, to the use of such a toxin as a 
standard. Owing to the presence of a certain amount of crystalline 
ammonium sulphate in the powder it tends to arrange itself into layers, 
the upper layers being more toxic than those below. Besides this, a 
great part of the toxin may be transformed during the process of 
precipitation into modified substances which are capable of interfering 
with the testing. As the more suitable substance to work on in the 
search forza standard, he therefore chose dried diphtheria antitoxin. 
Dried diphtheria antitoxin is put into a small glass apparatus consisting 
of two tubes with a connecting tube forming an “H” shaped arrange- 
ment. The antitoxin is put into one tube, and phosphoric anhydride 
into the other to act as a dehydrating agent. The tube containing 
the dried serum is sealed off and then as complete a vacuum as possible 
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is obtained by using a mercury pump. The second tube is then sealed 
off and by these means the antitoxin becomes thoroughly dry in what is 
practically an oxygen-free atmosphere. The tubes are kept in a cool 
dark place. A number of tubes were prepared in this way, each tube 
containing two grammes of a dry serum which by the older method had 
been estimated to contain 1,700 immunity or antitoxic units. Every 
two or three months one of these tubes is carefully opened and the 
contents dissolved in 200 cc. of a 10% salt solution which contains 
50 to 80% of glycerine. In this way a test serum containing 17 
units per cc. is obtained. This method of preparing and conserving 
a standard antitoxin has given uniform and reliable results, and both 
for practical and theoretical purposes has proved most satisfactory. 
The unit derived from the older method of testing is a perfectly 
arbitrary one, and if serum is to be measured by this method the 
standard unit must first be obtained from Ehrlich. As already indicated 
the quantity of serum which neutralised 100 M.L.D. of a particular 
diphtheria toxin which was in use at that time was chosen as the anti- 
toxic unit. Neutralisation was indicated by a complete absence of 
reaction, local or general, in the guinea-pig. Madsen (1902) has stated 
that by the physico-chemical methods employed by himself and 
Arrhenius it would be possible, if the standard unit were altogether 
lost, to recover it by calculation. 

In the older methods referred to the strength of the antitoxin was 
determined by ascertaining the amount of antitoxin necessary to com- 
pletely neutralise a certain fixed quantity of toxin. The test was a sub- 
jective one and the results were influenced largely by the personal factor. 
The determination of the presence or absence of slight traces of oedema 
was a constant difficulty. To abolish this source of error Ehrlich intro- 
duced an objective test, namely death, as the criterion in determining 
the strengths of antitoxins. The test dose of toxin, instead of being the 
L,, was now made the L, dose. The latter, it will be remembered, is 
the amount of toxin which, mixed with one unit of antitoxin, causes 
the death of a guinea-pig of 250—280 grammes weight in four or five 
days. 


The Selection of a Suitable Test Towin. 


The toxin to be employed for test purposes must have reached a 
condition of stability. It should be stored in a cool, dark place in closely 
stoppered bottles of large capacity (2 litres), under a layer of toluol. 
In many cases a period of nine months to one year must elapse after 
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filtration before equilibrium is established. The mM.uL.D., L, and Ly, 
values are then determined. It is not desirable to use for test purposes 
a toxin whose L, is over 1 c.c., nor should the difference between the 
L, and the L, be more than 15 M.L.D. Assuming that the toxin has 
been previously found suitable in regard to these points it may be used 
as a test toxin. Its sterility and stability must be ascertained by 
frequent tests. It may be desirable here to outline briefly the technique 
of testing. 


TECHNIQUE OF TESTING. 


The glass vessels, syringes, etc., employed in the process of testing 
should be sterilised. ; 


The Determination of the L. Dose. 


The determination of the L, dose must be done with great accuracy, 
and may require several series of tests. The appropriate dilution of 
Ehrlich’s standard antitoxin solution is made containing 10 antitoxic 
units per cc. One cc. of the standard solution is pipetted from the 
bottle by means of a 1 c.c. glycerine pipette, and put into a flask of 50 
to 100 c.c. capacity. Nine ac. of sterilised tap or distilled water, which 
may be most conveniently measured by a standard burette, are intro- 
duced into the flask. The antitoxin and water are well mixed by 
shaking. One cc. of this solution contains one antitoxic unit. A 
number of small conical test glasses, corresponding to the number of tests 
to be made, are arranged in a suitable stand. Into each of these test 


glasses 1c.c. of the dilution of antitoxin, containing one antitoxic unit, is 
introduced. From a rough test previously carried out two limits, between 
which the L, dose must lie, have been ascertained. Between these two 
limits a series of quantities of toxin are fixed on for testing, the spacing 
between the doses being made as nearly uniform as possible. Each 
quantity of toxin, beginning with the smallest in the series, is placed 
in one of the test glasses containing an antitoxic unit. Each mixture of 
toxin and antitoxin is brought up to a volume of 4.c, and after standing 
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at room temperature for about 20 to 30 minutes is injected sub- 
cutaneously into the abdominal wall of a guinea-pig weighing 250—280 
grammes. The weight and the condition of the site of inoculation are 
ascertained and recorded day by day, and eventually the date of the 
death of the guinea-pig is noted. The mixture which gives rise to the 
death of the guinea-pig on the fourth or fifth day after inoculation 
contains the correct L, dose of toxin. If two mixtures cause death on 
this day the smaller of the two doses is the L, dose. An example of 
such a test may be given :— 


Test to determine the L, dose of Test Toxin No. 30. 


"Guinea-pig Mixture injected Result 
1 1 antitoxic unit +-°34 ¢.c. toxin Slight local oedema, late paralysis. 
2 > +'35 ,, Large local oedema; great loss in weight, 
death on 6th day. 
3 7 +'36,, Large local oedema, death on 4th day. 
4 es ECR Yh ¥ Ss i », 8rd day. 
5 ie +°38 Cs, a * * », 98rd day. 
6 oF “fics eee = * ,, death in 48 hours. 
tf % +4 is Bs oa " ,, 48 hours. 


From this test 1t can be seen that the correct test dose (L,) of this 
series is ‘36 c.c. Previous tests gave the M.L.D. as ‘005 c.c., the L, as ‘31. 


L, —L,=:05 ec.=10 MLD <1 MLD: 


The toxin, therefore, is suitable for test purposes. 

The L, may now be employed for testing the antitoxic value of any 
serum by substituting the serum to be tested for the antitoxic unit. 
In this test the constant is the toxin, the variable the antitoxin. A 
simple example may be given of the method of ascertaining whether a 
serum contains one, five or ten antitoxic units per c.c. 


Test of Antitoxic Serum for 1, 5 or 10 antitowic wnits per c.c. 


Guinea-pig Mixture injected Result 
8 1 c.c. of the serum +°36 ¢.c. toxin Lives ; no oedema. 
9 WIS) a. " +36 33 Large oedema; loss of weight; dies 
on the 4th day. 
10 1/10 Fs ie +36 4 Large oedema; dies on the 2nd day. 


The serum therefore contains 5 but not 10 units per c.c. 
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Test of Antitoxic Serum to ascertain whether it contains 400, 450, 500, 
550 or 600 antitoxic units. 


Guinea-pig Mixture injected Result 

11 1/400 c.c. serum + °36 c.c, toxin Slight oedema; no loss of weight, 
lives. 

12° 1/450 9 9 +°36 9 99 9 ” ” 

13 1/500 ,, » +°36 +3 Medium oedema; small loss of 
weight, lives. 

14 1/550 ,, » +°36 Ah Large oedema; great loss of weight, 
dies on the 4th day. 

15 1/600 ,, » +°36 45 Large oedema; dies on the 3rd day. 


This serum contains, therefore, 550 but not 600 units per c.c. 


The French Methods of Standardising Sera. 


The French still employ the method of testing the preventive and 
curative strength of a serum apart from its toxin neutralising power. 

The preventive strength is said to be 50,000 when 0°01 cc. of the 
serum protects a guinea-pig of 500 grammes weight against a dose of 
diphtheria toxin which kills a control animal of the same weight in 
36—40 hours. The relation between the weight of the animal 500 and 
the quantity of serum employed is the measure of the preventive 
strength of the serum. The serum is injected 12 hours before the 
toxin. Every guinea-pig which has not lost weight after four to six 
days is considered protected. 

The curative strength of a serum is estimated in a similar manner. 
In this case the toxin is injected six hours before the serum. The 
guinea-pigs surviving on the sixth day are considered cured. In place 
of the toxin the living bacilli may be employed for the tests. 

While fully appreciating the value of Ehrlich’s researches into the 
constitution of toxin, Roux (1900) indicates certain difficulties in 
accepting all his views. He points out the impracticability of deter- 
mining the L, limit of a toxin, and shows that a mixture, which is 
apparently completely neutralised for guinea-pigs under ordinary 
conditions of temperature, is still lethal for the same animals kept in 
a moist, cold temperature about 2°5°C. Similarly, mixtures are still 
toxic for small birds though they contain more antitoxin than is 
necessary for complete neutralisation in guinea-pigs. It may be asked 
indeed if such a thing as a neutral mixture really exists. He notes also 
that toxic mixtures when injected before a lethal dose appear to delay 
the lethal period. 
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These observations of Roux are of great interest when regarded in 
relation to the recent work of Madsen and Arrhenius. A comparison of 
the French method and Ehrlich’s method shows, according to Roux, that 
the latter does not give a complete, or quite accurate, index of the value 
of a serum. 


Two sera were tested by Ehrlich’s method and were found to contain, the 
one, “A,” 700, and the other, “ B,” 200 antitoxin units. M. Momont found that 
the preventive strength of “A” was 150,000 and of “ B” 200,000. 

M. Danysz on testing the curative strength found that 10 units of serum ‘‘ A” 
produced the same effect as two units of serum “B.” The serum therefore, which 
reckoned by Ehrlich’s antitoxic units was three and a half times as strong as the 
other, was inferior both in preventive and curative properties. 


As the result of Roux’s statement Marx (1901), working in Ehrlich’s 
laboratory, instituted a series of tests to ascertain whether anti- 
diphtheritic sera of the most varied origin could possess antitoxic, 
preventive, and curative properties in varying degrees, or whether the 
number of antitoxic units was an index of all these properties. 


He used the following antitoxins :—Ehrlich’s standard dried serum, 1700 A. U., 
Hochst 1150, Hochst 750, Paris 175 and cow serum 25, and tested their preventive 
and curative action in relation to their antitoxic strength on rabbits and guinea-pigs. 


He came to the conclusion that the toxin neutralising strength 
(the antitoxic value) of an anti-diphtheritic serum, the immunising and 
the curative actions are three factors which stand in the closest 
relation to one another, and that the immunising and curative effects of 
a serum are directly proportional to the number of antitoxin units 
contained in it. As Ehrlich’s method of estimation is far the easiest 
and most accurate it is to be preferred to all others. 

Madsen (1897), who made a comparative study of the French method 
and of Ehrlich’s earlier method, came to the conclusion that the latter 
gave the more accurate results. It must be remarked, however, that in 
this study Madsen was not considering the possibility of sera having 
different properties in different relative proportions. 

The author carried out a series of experiments with the view of 
ascertaining whether the antitoxic content of the sera of horses at 
different stages of their immunisation gave an accurate measure of the 
preventive and curative properties as tested by the French method. 
The sera selected for the tests were from three horses, one of which, 
newly immunised, was at the height of its antitoxin production, and 
had 1000 A.U. per c.c. in its serum; the second horse was at the stage 


G. DEAN 527 


when the antitoxin curve, in spite of large injections, was steadily 
falling, the serum containing 300 A.U. per c.c.; the third horse had 
received no toxin injections for several months; its serum contained 
100 A.U. per c.c. 

He concluded that the estimation of the antitoxin content: by 
Ehrlich’s method gave in the case of these three sera a correct measure 
of all three factors, the neutralising, the preventive, and the curative. 
His conclusions, therefore, agreed with those arrived at by Marx. 

Cruveilhier (1905) has recently repeated the experiments on which 
Roux based his opinions, and has fully confirmed them. He employed 
for his tests living cultures of various origin, and tested sera of known 
antitoxic strength both for their preventive and curative properties. 
He concluded that these tests were of great value in estimating the 
therapeutic value of a serum, and that the usual test for antitoxic 
strength does not give a correct indication of the efficiency of a 
serum. 


Attempts to chemically isolate or concentrate antitoxin. 


Brieger and Ehrlich (1893) attempted to concentrate the antitoxin from the milk 
of immune animals. They tested a large number of precipitating agents, including 
acetic acid, tannin, oxalic acid, tartaric acid, acetic acid and sodium chloride, acetic 
acid and ferrocyanide of potassium, alcohol, metal salts, sodium chloride, phosphate of 
calcium, magnesium hydrate, and aluminium hydrate. Ammonium and magnesium 
sulphate, etc. were found to be the most suitable. They used the principle of 
fractional precipitation and found that the addition of 27 °/, to 30°/) of ammonium 
sulphate gave a precipitate which contained the bulk of the antitoxin, only a trace 
remaining in the filtrate. In this way they were able to obtain a substance in the 
form of a powder which was 400 to 600 times as strong in antitoxic power as the 
original milk. 

Brieger and Cohn (1893), employing the milk of animals immunised against 
tetanus, first clarified the whey by the use of chloroform. They first produced a pre- 
cipitate with ammonium sulphate, then re-dissolved the precipitate and added basic 
acetate of lead which throws down a considerable amount of proteid but not the 
antitoxin. The precipitate resulting from the lead acetate was washed several times 
in weak alkaline solution, and the filtrates and washings thus obtained were twice 
treated with ammonium sulphate and the precipitate dried iz vacuo on clay. 
The powder was freed from salts by being placed in pure chloroform which allowed 
the heavier salts to fall and the lighter powder containing the antitoxin to rise to 
the surface. This concentrated the antitoxin up to 300 or 400 times its original 
strength. A further purification was attempted by the use of metal salts, alcohol, 
etc., but without success. On precipitation of the preparation obtained by the use 
of lead, first with sodium chloride, then with phosphate of soda, and lastly, with 
ammonium sulphate, the precipitate with the phosphate of soda contained the most 
antitoxin. It then reached 600 times its original strength. 
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Wassermann (1894) has improved on the method of concentrating antitoxin from 
whey. He adds 33°/, ammonium sulphate to the whey, filters, and puts the pre- 
cipitate with a platinum spatula on pieces of clay to absorb moisture. While still 
damp the precipitate*is re-dissolved in one-tenth of the original quantity of fluid. 
The loss of material is trifling, and practically all the antitoxin is present in 
the precipitate. 

Smirnow (1895) found an antitoxic substance in the magnesium sulphate 
precipitate from normal, as well as from antitoxic, serum. 

Brieger and Boer (1896) succeeded in partly separating diphtheria antitoxin from 
the adherent albuminous substances by precipitation with neutral salts of the 
heavy metals. To a fivefold dilution of the diphtheria or tetanus antitoxin double 
its original volume of a 1 °/, solution of zinc sulphate or zinc chloride is added. The 
resulting antitoxin-zine precipitate is washed with a little water, and dissolved in 
weak alkaline water (1: 400 normal alkali). The zinc is precipitated from the solution 
by the passage of CO,. If zinc sulphate is used the precipitate contains the antitoxin, 
but if zinc chloride is used the antitoxin is found in the filtrate. The part contain- 
ing the antitoxin is dried in the exsiccator to make the zinc-albuminate insoluble, 
and then the soluble zinc-antitoxin is again dissolved in weak alkali and the 
remaining zinc again precipitated by CO,. Brieger and Boer obtained from 10 c.c. 
of antitoxic serum a deposit of 0°1 gramme which contained all the antitoxin 
together with albumin, sugar and zinc. 

Brodie (1897) precipitated the globulin in four parts by the gradual addition 
of ammonium sulphate until half saturation was reached. It was found that 
each of the four precipitates contained antitoxin in almost equal bulk, so that 
the method did not offer any promise of a possibility of obtaining a stronger solution 
than could be obtained by re-dissolving the precipitated globulins as a whole. The 
fact that each of the four fractions contained approximately equal quantities of 
antitoxin seemed to prove that the globulin precipitate did not carry down the 
antitoxin by a simple mechanical process. Brodie also stated that antitoxin did 
not pass through a gelatine filter. These facts appear to indicate that antitoxin 
is a proteid, belonging, as shown by its solubilities, to the globulin class. 

Dieudonné (1897) during a revision of Smirnow’s (1895) work failed to find 
antitoxin amongst the globulins when the precipitation was carried out with 
carbonic acid. He was able to explain the apparent discrepancy between his 
results and those of Smirnow by the use of magnesium sulphate, for the globulin 
thus obtained possessed toxin-neutralising properties. The references already made 
to the occurrence of antitoxin in the serum of the normal horse (p. 454) make it 
evident how Smirnow obtained a toxin-neutralising action with the globulin from 
normal horse serum. 

Belfanti and Carbone (1898) could obtain no antitoxin in the precipitate resulting 
from the use of CO, or acetic acid ; but succeeded when ammonium sulphate or 
magnesium sulphate was used. 

Szontagh and Wellmann (1898) made a comparison between normal horse serum 
and antitoxic serum. The specific gravity and the globulin content were the same 
in both, and in neither was nucleo-albumin present. The antitoxin contained 
0°25 °/, more of total proteids than the normal serum, a fact to which they attached 
no particular significance. In both cases the chlorine and ash were the same 
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They made the important observation that in the antitoxic serum there is a lower- 
ing of the freezing point and of the electrical conductivity, which appear to be 
proportional to the amount of antitoxin present. 

Freund and Sternberg (1899) tested the action of various chemical agents on 
antitoxic serum with the view of freeing the antitoxin from the albuminous sub- 
stances. They obtained the best results by a continued method of precipitation 
and salting out. They first added potash-alum solution, dialysed the filtrate, 
removed the resulting slight precipitate by filtration, and by this means got rid 
of the albumin. The fluid thus obtained was saturated to a half with ammonium 
sulphate, and the precipitate, which resulted, after being dissolved and dialysed, was 
concentrated in vacuo. 

Marcus (1899) showed that there were two forms of globulin in normal serum ; 
the one insoluble, precipitated by carbonic acid and acetic acid, and by dilution 
with water and dialysis ; the other soluble, precipitable by ammonium and mag- 
nesium sulphate. 

This observation by Marcus proved of great value to Seng (1899) who examined 
the qualitative and quantitative relations of the proteids in diphtheria antitoxin 
compared with those in normal horse serum. Seng found that the method first 
employed by Sternberg of getting rid of a large part of the proteid matter by a 
potash-alum solution (one-third volume of 5°/) solution) was very helpful. This 
method, which originated from Freund’s experiment, was the first to be described by 
means of which albumin could be got out of an alkaline solution, the globulin remaining 
in solution. He found that the chief difference between the soluble globulin from 
normal serum and from antitoxin was that in the case of normal serum there 
were present precipitation points at 65° C., 68° C., and 71° C.; at 71° C. all 
the globulin with the exception of traces was coagulated ; whereas, in the case 
of antitoxic serum flocculi first appeared at 71° C., and 75° C. was reached before 
the bulk was coagulated. Even after this the traces remaining in solution were 
much greater. From the qualitative examinations no distinct differences could be 
made out between the soluble globulin of the normal serum and of the antitoxic 
serum, and the hopes that conclusions might be drawn from the alteration of the 
quantitative relation of one body in favour of another were not fulfilled. Yet by 
the exclusion of the albumin and of the insoluble globulin the field for future 
investigation was narrowed, since it will naturally be limited to the soluble 
globulin. Whether the differences in the coagulation temperature and in the 
optical rotation are due to a change in the globulin or to its combination with an 
antitoxin of unknown chemical composition is a question which must be left open. 
This work, and the work of Marcus, tend to show that the antitoxins are attached 
to the globulins which do not go out of solution by dialysis. 

Seng’s results throw a clearer light on the results previously obtained by Belfanti 
and Carbone, and Dieudonné. These soluble globulins correspond to the pseudo- 
globulin of Pick, to which reference will be made later. 

Astros and Rietsch (1900) dilute the antitoxic serum fivefold and add enough 
sodium and potassium chloride to the diluted serum to bring the concentration 
of these salts up to 20°/,. The mixture, after the addition of 0°5 °/) phenol, is kept 
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at 33° C. for 24 hours. 
the globulins, 

Atkinson (1899—1900) investigated the fractional precipitation of the globulin 
and albumin of normal horse serum and of diphtheria antitoxic serum, and tested 
the antitoxic strength of the various precipitates. He found that the globulins 
from both normal and anti-diphtheritic sera react in the same way towards 
reagents. All the antitoxic power of normal and immune serum is carried by the 
globulin and its fractional precipitates, a certain loss of globulin and antitoxic 
power occurring during the manipulations. He believes, from the reactions obtained 
and from the fact that diphtheria antitoxin is contained in normal horse serum and 
that this natural antitoxin separates with the globulin, that the diphtheria anti- 
toxin is probably a kind of globulin. 

Hiss and Atkinson (1900—1901) continued these studies. By the use of mag- 
nesium sulphate they obtained a precipitate of globulin which appeared to contain 
all the antitoxin in the serum, for the precipitate from 1 c.c. of serum protected 
guinea-pigs against the same amount of toxin as 1 c.c. of the serum. They made 
the interesting observation that the globulin precipitate is increased as the result 
of immunisation, for they found that antitoxic sera on the average gave a higher 
globulin precipitate than did normal sera, and that the serum of the same horse 
after immunisation gave a larger precipitate of globulin than before immunisation. 
They conclude that antitoxin formation is probably accompanied by new globulin 
formation. 

Pick (1902) found that on the addition of 21°5°/, of ammonium sulphate to 
anti-diphtheritic serum a precipitate formed, but no antitoxin was present in it 
=Fraction I. 

When the ammonium sulphate reached a concentration of 25°6°/, a second 
precipitation of globulin occurred which still contained no antitoxin= Fraction II. 

A fraction of proteid precipitated by the addition of ammonium sulphate up to 
38 9/, contained practically the whole of the antitoxin= Fraction III. 

In solution there remained only the serum albumin= Fraction IV. 

Pick states that Ide and Lemaire (1899) obtained similar results. 

The relations of these fractions to the substances called by Hofmeister 
“Kuglobulin” and “ Pseudo-globulin” and their fractional precipitation points 
with ammonium sulphate, as found by Fuld and Spiro (1900), are shown in the 
following Table :— 


The antitoxin is thus thrown out of solution together with 


Fibrinoglobulin 


Fuld and Spiro. 


0—21°5 vol. °/, sat. 


Pick. Fraction I. 
0—21°5 °/, AmSO, 


1 
0—.5 sat. 


0—28°3 vol. °/, sat. 


Euglobulin 


28—36 vol. °/, sat. 


Fraction IT. 


21-5—25°6 9), 
1 1 
3-5 ioe sat. 


28°3—33 vol. °/, sat. 


Pseudo-globulin 


36—44 vol. °/, sat. 
Fraction ITI. 


25-6—38 °/, 
ed 
37 9 sat. 


33°3—50 °/, sat. 


Albumin 


100 vol. °/, 


Fraction IV. 
38—76 9, 


1 
3 to sat. 
50—100 vol. °/, sat. 
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Fraction IIT when re-dissolved and re-precipitated gave the following result. 


Fraction III. 
| 


-—— a te eas peice le at ea 
| 
0—36 vol. °/, sat. 36—38 °/, ———42 "J, 4246 °/, 
No ppt. opalescent 4 ppt. ppt. ppt. 
Antitoxin Antitoxin Antitoxin 
4-2 § th 


The filtrate containing only the albumin had no antitoxic value. The above 
result was obtained with horse antitoxin. The interesting observation was made 
that in the case of goat’s serum the antitoxin came down, not with the fraction 
corresponding to the pseudo-globulin, but with the fraction corresponding to the 
euglobulin. It will be remembered that by Brieger and Ehrlich’s method of 
precipitating antitoxin from the whey of the goat a great loss of antitoxin was 
encountered during the dialysis. The loss can be explained in the light of the 
interesting observation made by Pick, that the antitoxin in the case of the goat 
goes down with the euglobulin, for we know that the euglobulin in salt solution 
goes out of solution on dialysis. 

Préscher (1902) claims to have obtained by trypsin digestion an antitoxin which 
gives no proteid reactions. This observation, if confirmed, would be of the greatest 
interest and importance on both theoretical and practical grounds. 

Gibson (1905—1906) precipitates the serum with an equal volume of saturated 
ammonium sulphate solution, filters, and extracts the residue with a saturated 
solution of sodium chloride. The globulin containing the antitoxin, the pseudo- 
globulin, is soluble in the sodium chloride solution, whereas the globulin not 
containing antitoxin, the euglobulin, the proteids, etc., are precipitated and allowed 
to sediment. After filtration the sodium chloride solution of antitoxin is pre- 
cipitated by the addition of a half volume of saturated ammonium sulphate or 
with acetic acid. The filtered precipitate is pressed dry with paper and dialysed 
in parchment. A double filtration through Berkefeld filters is employed for 
sterilisation. One quarter to one half per cent. sodium chloride and a preservative 
are added. After being tested for potency, sterility, etc. this antitoxin is employed 
in practice. 

By this method a serum, satisfactory in regard to appearance, absence of high 
viscosity, etc., and of at least twice the original antitoxic potency may be com- 
paratively easily secured. 

In a horse which yielded high-grade antitoxin Ledingham (1907) showed that 
the total globulin progressively increased during immunisation to double its initial 
value. In a refractory horse which failed to yield high-grade antitoxin no such 
progressive rise was observed. 

Pick’s statement, that the antitoxin in the case of the goat is precipitated with 
the euglobulin and not with the pseudo-globulin as in the horse, has not been 
confirmed either by Gibson and Collins (1907) or by Ledingham (1907). 

Banzhaf and Gibson (1907) found that the serum globulins soluble in saturated 
sodium chloride solution of the higher fractions are uniformly much more potent in 
antitoxin per gram of proteid, than are those precipitated by lower concentrations 
of ammonium sulphate. 
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THE MECHANISM OF ANTITOXIN PRODUCTION. 


Antitoxin was at first regarded as a direct derivative of toxin which 
by some process taking place in the animal body became converted into 
antitoxin, in other words, that the antitoxin was a modified toxin. This 
hypothesis, which was suggested by Buchner (1893), seemed to be a 
natural deduction from the facts as known at the time. An animal 
injected with a toxin developed antitoxin in its blood; it seemed, 
therefore, probable that the animal body had acted on and modified the 
toxin in such a manner as to convert it into antitoxin. A more intimate 
investigation of the question raised many difficulties in the way of 
accepting this view. Exact determinations showed an absence of 
quantitative relation between the amount of toxin injected and the 
amount of antitoxin produced in the animal body. Knorr (1899) 
showed that the injection into an animal of an amount of toxin 
which could be neutralised by one unit was followed by the pro- 
duction of 100,000 units. Ritchie (1901) in immunising guinea-pigs 
with tetanus toxin found that twice the amount of toxin gave 
a serum one hundred times stronger. It has been suggested that 
the toxin molecule might split up into molecules of smaller size, each 
containing a group capable of neutralising a toxin molecule. We have 
reason to believe however, from the work of Brodie, Martin and 
Cherry, etc., that the antitoxin molecule is probably larger than the 
toxin molecule, consequently it is difficult to understand how the 
smaller toxin molecule could be so modified in the animal body as 
to give rise to a much greater number of larger antitoxin molecules. 
There is also no evidence in favour of the splitting up of the toxin 
molecule into parts which go towards the constitution of the anti- 
toxin molecule. A very strong argument against the view that the 
toxin is directly employed in the building up of the antitoxin was 
furnished by Roux and Vaillard (1893), who found that in the case of a 
rabbit immunised against tetanus quantities of blood equal to the total 
volume contained in the animal’s body could be removed within a few 
days, and yet no diminution in the antitoxic value of the blood could be 
determined. Similar results were obtained by Salomonsen and Madsen 
and by the author in the case of goats and horses immunised against 
diphtheria. The loss of antitoxin which occurs immediately after the 
removal of blood is quickly made good by a supply which must be 
derived from the cells and tissues of the body. As this occurs with- 
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out the re-injection of toxin it is improbable that the latter can in 
any way be concerned in building up the new antitoxin. These con- 
siderations lend increasing support to the view that the animal body 
furnishes the antitoxin by a process analogous to secretion. 


Ehrlich’s Theory of the Mechanism of Antitoain Production. 


Ebrlich holds that the fundamental processes of antitoxin produc- 
tion reside in the cells for which the toxin has a selective affinity. The 
cells may be those of any organ or tissue, but it is essential that they 
should be capable of being affected by the toxin. The cell protoplasm, 
which must be regarded entirely from the chemical standpoint, consists 
of living molecules of great complexity. These molecules have a central 
nucleus with lateral or side-chains which are capable of binding the 
molecule to other molecules having the proper affinities. Each molecule 
of protoplasm has many different kinds of side-chains which have 
affinities for different substances (see Fig.3). These side-chains are the 
means by which the nutrition of the cell is maintained, their normal 
function being to attach to themselves certain food stuffs. These food 
stuffs must have their atom groups so arranged that they fit the 


Fig. 2. Fig, 3. 


Fig. 1. Toxin molecule. h=haptophorous group, t= toxophorous group. 
Fig. 2. Toxoid molecule with (a) a trace only (black), (b) none of the toxophorous group 


left. 
Fig. 3. Diagram showing various forms of receptors or side-chains and various substances 


having the proper relation of outline to these receptors. 
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corresponding side-chains or receptors of the cell molecules. The side- 
chains of the food must have a specific relation to the side-chains of 
the cells, or as Emil Fischer has expressed it they must be adapted 
to one another as the key to the lock. The receptors, in addition 
to their normal function of assisting in the nutrition of the cells, 
possess fortuitously and incidentally the capacity of anchoring to 
themselves this or that toxin. One must here revert. to Ehrlich’s 
view (see p. 475) that the diphtheria toxin molecule consists of 
two groups of atoms (see Fig. 1), the toxophorous group (f), to 
which the poisonous properties of the toxin are due, and the hapto- 
phorous (a@m7w =I seize) group (h), by means of which the connection 
between the cell or the antitoxin and the toxophorous molecule is 
established. It is by means of these haptophorous groups then 
that the toxin molecules become attached to the “side-chains” or 
receptors of the cells of the animal body (see Fig. 3). The haptophorous 
group of one toxin finds the suitable receptors in one kind of cell, the 
haptophorous group of another toxin in another kind of cell, and in this 
way we have an explanation of the specific action of toxins. 

The first stage of toxin action is the anchoring of the toxin mole- 
cule by its haptophorous group on to the suitable receptor of a certain 
cell (see Fig. 4), and this likewise is the first stage in antitoxin 
production. The receptor while it is occupied in this manner cannot 
exercise its normal physiological function of conveying nutrition to the 
cell protoplasm. Thus there is created a defect in the cell-life which 
the cell endeavours to make good by a process of regeneration. Fresh 
side-chains are produced (see Fig. 5), and as these are occupied again 
and again by fresh injections of toxin the attempt at compensation 
gives rise to the production of an excess of side-chains in accordance 
with the principles enunciated by Weigert. The side-chains then being 
produced in excess of the requirements of the cell are thrown off into 
the blood stream where they constitute the antitoxin (see Fig. 6). In 
their free state in the blood stream they are still capable of union with 
the toxin, which is thus diverted from attacking the susceptible cells 
(see Fig. 7). 

It follows from Ehrlich’s view that the toxoid having the same 
combining power for antitoxin as the original toxin should also be 
capable of occupying the corresponding side-chains of the cells in the 
animal body, and should thus produce the necessary condition for the 
stimulation of the cell to the hyper-production of side-chains, that is, 
to antitoxin production. Ehrlich assumes throughout most of his work 
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Fig. 4. Fig. 5. Fig. 6. 


Fig. 4. First stage of antitoxin formation; toxin molecules anchored on to the suitable 
receptors. 

Fig. 5. Second stage of antitoxin production. To compensate for the number of 
receptors thrown out of action owing to their being occupied by toxin molecules 
there occurs a production of side-chains in excess of the normal. 

Fig. 6. Third stage. Hyper-compensation takes place so that a larger number of 
receptors is provided than is necessary for the cell life. These unnecessary side- 
chains are thrown off into the blood and constitute the antitoxin. 


Fig. 7. Showing combination of free receptors, or antitoxin, with toxin molecules in the 
blood, and demonstrating the mechanism of cell protection by means of antitoxin. 


that toxoids are capable of giving rise to the production of anti- 
toxin. 

It will be recalled that several of the methods suggested for the 
early stages of immunisation are based on the view that toxins modified 
by heating and chemical agents are still capable of stimulating the 
animal body to produce antitoxin. The question has been raised as 
to whether the mere occupation of the receptors is sufficient to stimulate 
the cell to antibody production. Von Dungern (1902) was the first to 
suggest that something of the nature of an irritative stimulus was 
necessary in addition to the occupation of the receptors. His view was 
largely based on the fact that during the ordinary nutritive processes 
nothing of the nature of an antibody or precipitin could be found in the 
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blood. Ehrlich, Morgenroth (1902), and Wassermann (Brussels Congress, 
1903) have, therefore, assumed that in addition to the occupation of the 
receptors there must be a stimulation or irritation of the cell, which is 
probably to be attributed in the case of toxic substances to traces of the 
toxophorous groups which have remained undestroyed. Bruck (1904) 
has further investigated this point in relation to tetanus toxin. He 
finds that tetanus toxoid, though it can combine with tetanus antitoxin, 
is not by itself capable of giving rise to the formation of antitoxin, but 
that if a mere trace of toxin is present antitoxin is produced. The mere 
occupation of the receptors by the haptophorous group is in this case 
not sufficient for antitoxin formation; the toxophorous group must be 
present to give the necessary stimulus to the cell. 

The question as to whether diphtheria toxones can produce anti- 
bodies, and the nature of the latter (if any) is of great theoretical interest. 
The point was investigated by Madsen and Dreyer who found that toxones 
were capable of actively immunising the guinea-pig, rabbit, goat and 
horse, and that the serum in all cases, except in the rabbit, contained 
antitoxin. The toxones, therefore, have haptophorous groups which are 
closely allied to or identical with those of the toxins’. 

A remarkable confirmation of Ebrlich’s theory was afforded by 
Wassermann (1898), who argued that, if Ehrlich’s hypothesis was true, 
antitoxin in its pre-formed state ought to be capable of demonstration 
in the normal susceptible cells of certain organs, since certain toxins 
attack them in a specific manner. For example, we know that tetanus 
toxin attacks the cells of the nervous system, therefore in these cells 
antitoxin ought to be demonstrable. On applying the test of experi- 
ment to this view he was able to show that an emulsion of guinea-pigs’ 
brain could fix the tetanus toxin and neutralise its action®. Roux (1898) 
argued that if the nervous system contained antitoxin toxin injected 
into it should be at once neutralised, and cause no toxic effects. He 
demonstrated, however, that the intracerebral injection of tetanus toxin 
causes the death of the animal, and that smaller quantities are necessary 
to produce a lethal effect by this method than by the ordinary methods 
of injection. He held that the result was not compatible with Ehrlich’s 
theory. Ehrlich, however, has pointed out that Roux’s results so far 
from being in opposition to his theory are confirmatory of it. The 


1 Madsen’s later view will be dealt with elsewhere. 
2 The interpretation of this experiment has led to much controversy, into the discussion 
of which it would be impossible to enter here. 
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receptors, so long as they are attached to the cells, are the connecting 
links between the cells and the toxin, and are thus in a sense a danger 
to the cells, whereas, when they are thrown free into the blood stream, 
still possessing as they do the property of attracting the toxin mole- 
cules, they form a protection to the cells from which they divert the 
toxin. Weigert illustrates this relation by a reference to the action of 
a lightning conductor. The copper or iron rod if placed inside the 
building without a suitable earth connection would be an added 
danger, whereas, when insulated and separated from the building, it 
affords protection by conducting the electricity to earth, 


CHAPTER XVII. 


THE EFFECTS OF ANTITOXIN ON TOXIN. 


Theories regarding the interaction between antitoxin and toxin. Further 
analysis of the method of action of the antitoxin on the toxin. Brief summary 
of Ehrlich’s theory of the relations of antitoxin to toxin. The physico-chemical 
theory of Arrhenius and Madsen. Criticisms of the views of Arrhenius and 
Madsen. The adsorption views of Bordet. The behaviour of antitoxin in the 
animal body when used for the production of passive immunity. The dis- 
appearance of antitoxin from the blood. Absorption of antitoxin from the 
alimentary canal. The question of the production of anti-antitoxins. Inherited 
immunity. Transmission of inherited immunity. Antimicrobial diphtheria serum. 


Theortes regarding the Interaction between Toxin and 
A ntitoxin. 


Soon after the discovery of antitoxin the nature of the interaction 
between toxin and antitoxin became a subject of investigation and 
controversy. 

Behring held that the antagonism was of a chemical nature, and that 
the antitoxin neutralised the toxin in the same way as an alkali 
neutralises an acid. On the other hand, Buchner maintained that the 
antitoxin did not act directly on the toxin but indirectly through the 
intervention of the cells. The controversy on the subject between 
Behring and Buchner, which took place in 1894, was soon followed by 
a series of investigations on the subject. The chief supporters of the 
chemical view were Behring and Ehrlich, the opposition in favour of 
the cellular and vital hypothesis was led by Buchner, Metchnikoff, 
Roux, and Calmette. The death-blow to the cellular hypothesis was 
given by Khrlich, who by a beautiful experiment was able to demon- 
strate the neutralising action of antitoxin on toxin in vitro in the 
absence of all living cells. 
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Ricin, when brought into contact with a suspension of dead red 
blood corpuscles in a test tube, causes their agglutination ; when, how- 
ever, a suitable quantity of antitoxin is added, the agglutination no 
longer takes place. Ehrlich was further able to show that when anti- 
ricin was added to a solution of ricin, in sufficient quantity to inhibit 
its agglutinating power on red blood cells, its toxic action on animals 
was also abolished. He thus proved in this case that the neutralisation 
which could be demonstrated in vitro was valid in corpore. 

Since Ehrlich’s fundamental experiment a large number of similar 
test-tube experiments have become possible with the expansion of the 
knowledge of haemolytic and agglutinating agents of animal, vegetable 
and bacterial origin: we need only mention cobra venin (Stephens and 
Myers), abrin (Ehrlich), tetanolysin (Ehrlich and Madsen) as examples 
of a large group of similar substances which produce haemolysis or 
agglutination of red blood corpuscles, 

The experiments carried out by Morgenroth on rennin, Dean and 
Achalme on trypsin, and Sachs on pepsin with their corresponding 
antibodies have satisfactorily demonstrated the neutralisation of toxin 
by antitoxin (ferment by anti-ferment) in the absence of all cellular 
elements. 

In this connection also may be mentioned the precipitin experi- 
ments of Kraus, Tchistowitch and Bordet. These experiments afford 
conclusive proof that the action of the antitoxin on the toxin is direct 
and not through the intervention of the cells of the animal body. 


Further analysis of the method of action of the antitoxin 
on the toxin. 


Does the antitoxin combine with the toxin so as to convert it into 
an atoxic modification thus causing its destruction as toxin, or does 
it simply neutralise the toxin forming an atoxic combination by a 
process analogous to the neutralisation of an acid by a base with the 
resulting formation of a neutral salt? Calmette (1895) found that 
whereas cobra venin is not affected antivenin is destroyed by heating 
to 68°C. for 10 minutes. Mixtures in certain proportions of venin 
and antivenin produced no symptoms when injected into rabbits of 
a certain weight. Similar mixtures after standing 10 minutes, and 
thereafter being heated to 68°C. for 10 minutes before injection into 
rabbits of the same weight, rapidly caused their death. 
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Wassermann (1896) found that pyocyaneus toxin was not affected 
by temperatures which completely destroyed its antitoxin. By heating 
newly made neutral mixtures he was able to demonstrate that the 
toxin, uninfluenced by its association with the antitoxin, was still 
capable of killing animals. Both Calmette and Wassermann arguing 
from these experiments gave their support to the vital theory. 
Marenghi (1897) carried out analogous experiments with diphtheria 
toxin and antitoxin mixtures. In this case, however, it is the toxin 
which is destroyed by heating, the antitoxin remaining unaffected. It 
had been shown by Roux and Yersin that diphtheria toxin is destroyed 
at 60° C., whereas antitoxin is unaffected by temperatures up to 70°C. 
Mixtures of toxin and antitoxin, which were neutral for the guinea-pig, 
after being heated to temperatures sufficient to destroy the toxin, were 
demonstrated to contain free antitoxin since additions of fresh toxin 
were found to be neutralised. 

Martin and Cherry (1898) pointed out that previous investigators 
had in their researches neglected the tame factor, which may be a very 
important element in any possible chemical interaction between toxins 
and antitoxins. The experiments, for example, of Calmette and 
Wassermann can be repeated and their results confirmed, and yet by 
modifications of the factors, tume, temperature and active masses, exactly 
opposite results may be arrived at, proving that their conclusions are 
unjustified. Martin and Cherry in their series of experiments on the 
diphtheria toxin and antitoxin combination employed the gelatin 
filter of Martin, which consists of a Pasteur-Chamberland filter impreg- 
nated with gelatin. Through such a filter a diphtheria toxin can be 
forced by a pressure of 50 atmospheres without undergoing any very 
marked loss in toxicity, whereas, as shown by Brodie, antitoxin owing 
to the fact that it possesses a larger molecule cannot pass through, but 
is held back along with the proteids. Neutral mixtures of diphtheria 
toxin and antitoxin, which had been allowed to remain in contact at 
30°C. for two hours, were filtered through the gelatin filter. The 
filtrate was found to be innocuous to guinea-pigs even in quantities 
corresponding to 32 fatal doses. From this experiment the deduction 
is made that the smaller molecule of toxin must have entered into 
some sort of chemical relationship with the relatively large molecules 
of antitoxin, during their sojourn together, prior to filtration. 

The value of the factors, time and influence of proportion of active 
masses, was shown by a series of experiments on the snake venin of 
Hoplocephalus curtus, and its antivenin. The mixtures of two, three and 
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four lethal doses of venin with 1 «.c. of antivenin were allowed to stand 
at 20—23° C., for varying times, 2, 5, 10, 15, and 30 minutes, and then 
injected into rabbits. The results are shown in the following table : 


Proportion of toxin toanti- Time allowed for interaction of toxin and antitoxin: 
toxin per kilo. of body wt. temp. 20—23° C. 
Control, 
venom 
ae : only ‘ : ; f Injected 
Antitoxin Toxin 2 mins. 5 mins. 10 mins. 15 mins. 30 mins. unheated 
oo mins. 
lec 2 fatal Died Lived Lived Lived (no | Lived (no | Lived (no | Lived (no 
doses 15 hours | (very ill) | (ill 1 day) |symptoms) |symptoms)|symptoms)| symptoms) 
for 2 days 
1 c.e, 3 fatal Died Died Died Lived Lived Lived (no | Lived (no 
doses 12 hours | 20 hours | 28 hours [(ill 2 days) | (ill1 day) |symptoms)} symptoms) 
1 c.c 4 fatal Died Died Died Died [Lived(very| Lived (no | Lived (no 
doses 9 hours | 13 hours | 15 hours | 23 hours | ill 2 days) |symptoms)|symptoms) 


In this connection Danysz’ (1902) experiments on the action of 
gastric juice on neutral ricin-antiricin mixtures are of great interest. 
When ricin and antiricin are submitted to the action of gastric juice 
for 16 hours at 40°C., the antiricin is found to have been completely 
destroyed, whereas the ricin is only slightly attenuated. A mixture of 
ricin and antiricin is prepared so that it has no agglutinating action 
on the red blood corpuscles as tested im wtro and no toxic action as 
tested on guinea-pigs. When this neutral mixture has been digested 
in the manner indicated it is found that the proteolytic ferment, while 
destroying the antiricin, leaves the ricin but little influenced so that 
the mixture becomes agglutinating and toxic. 

These experiments, while proving that something of the nature of 
a chemical union takes place between the toxin and antitoxin, clearly 
show that the antitoxin does not destroy the toxin, since it is possible 
to recover it unaltered from neutral mixtures. 

While the majority of investigators now adhere to this view of a 
direct action of antitoxin on toxin, there is still great divergence of 
opinion as to the exact mechanism of the interaction, and after this 
preliminary statement the more important views will be dealt with 
under separate headings. 
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BrigEF SUMMARY OF EHRLICH’S THEORY OF THE RELATIONS OF TOXIN 
To ANTITOXIN, AND ON THE MECHANISM OF THE PRODUCTION OF 
ANTITOXIN. 


Ehrlich’s theory, owing to the important influence it has had in the 
investigation of the whole subject of diphtheria immunity, has already 
been dealt with in various sections of this work. Notwithstanding that 
it entails a certain amount of repetition, it has, however, been considered 
desirable to give here a brief summary of the subject so that the 
argument may be presented as a whole. 

Judging from the history of the ferments, whose close relationship 
to the toxins was early pointed out by Roux, we cannot hope for much 
help from the purely chemical side in elucidating the problems con- 
nected with toxins. At the same time the most intimate knowledge 
that we possess of the nature of toxins has been obtained by the use 
of physico-chemical methods. Ehrlich obtained many of the most 
important facts on which he bases his views of the constitution of 
diphtheria toxin by using the method of partial saturation of the toxin 
with the antitoxin. If a mixture of hydrochloric and acetic acids is 
gradually saturated with an alkali the bulk of this goes first to the 
acid of stronger avidity, the hydrochloric acid, and then afterwards 
to the weaker acetic acid. Ehrlich has found analogous facts when 
diphtheria toxin is partially saturated with antitoxin, and by graphic 
demonstration of the course of the neutralisation has shown that the 
constitution of diphtheria toxin is much more complex than was at 
first surmised, and that the toxin and its derivatives possess quite 
different affinities for the antitoxin. Similar results were obtained 
by a number of workers in regard to other toxins. Ehrlich was also 
influenced in the elaboration of his views by those of Emil Fischer 
on the atom groupings of ferments. Fischer found that only such 
substances as possess a group into which the ferment group fits as the 
key into the lock are acted on by a particular ferment, and that it is 
only through the relation of these two groups, the one belonging to the 
ferment, the other to the fermentable substance, that there is obtained 
the union of the two molecules which is essential for the chemical 
action. 

Ehrlich, applying these views to the present question, holds that 
the specific relationship of toxin to antitoxin can be most simply 
expressed by the assumption of two groups which correspond in their 
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configuration. He assumes that the toxin molecule contains two 
functionating groups: a haptophorous, and a toxophorous, group. In 
favour of the assumption of a toxophorous group was the wide ex- 
perience which had been obtained of the relationship between chemical 
constitution and physiological action. Thus, it had been shown that 
certain physiological actions can only be ascribed to certain groups, 
for example, in a great number of hypnotics only the aethyl group, 
and in a great number of anaesthetics only the benzoic acid radicles are 
concerned. It was a natural inference, therefore, to assume in the case 
of the toxins a special group giving rise to the toxic condition, that is, 
a toxophorous group. 

As a strictly chemical characterisation of the toxins is not possible 
the criteria of the toxin nature must be purely biological. Especially 
marked are the nature of the toxic action and the ability to produce 
specific antibodies in the animal organism. The toxins share this 
property with a number of other substances; some of them, like the 
ferments, more or less toxic, others, as the albuminous and cellular 
substances, quite harmless. The period of incubation following toxin 
administration cannot, in most cases, be curtailed beyond a certain time, 
however much the dose is increased. The latent period in most in- 
stances lasts from six to twenty-four hours but may extend, as in 
diphtheria, to 14—20 days. It is doubtful if latency is an essential 
characteristic of toxin action, since the closely allied venin, ichthyotoxin 
and haemotoxin can act without any incubation period. A much more 
definite characteristic is the capacity to furnish antitoxin, since this 
is not shared by substances possessing a well-defined chemical com- 
position. Ehrlich failed to produce antisera for alkaloids and toxic 
glucosides, and also failed to confirm the view that tetanus antiserum 
has an antitoxic action against strychnia. 

In his earlier work Ehrlich showed that such substances as the 
alkaloids and colouring materials are present in the tissues, not in the 
form of close chemical combinations, but only loosely anchored to the 
cells. Corresponding to the loose character of the combination is the 
short duration of the action of such bodies as antipyretics, compared to 
the long lasting injuries which the toxins produce, and which point to 
their having taken a firm hold on the protoplasm. Those substances 
which form a lasting combination with protoplasm and enter into its 
constitution have long been stated to be “capable of assimilation,” and 
most of these bodies have been held to belong to the group of nutrient 
substances. Ebrlich holds that this capacity for assimilation must 
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depend on a chemical combination. He assumes that for such union 
there must be present two atom groups which have an attraction for one 
another, and he, therefore, suggests that the protoplasm molecule must 
have side-chains or receptors which have a maximum chemical affinity 
for certain groups of the specific nutrient substances which are thus 
anchored to the cells. To make the essence of toxin action compre- 
hensible is, as Ehrlich asserts, only a short step. It is enough to 
assume that the toxins which, in their origin and in their chemical 
properties, may be regarded as closely allied to the albumins, peptones, 
etc., also possess groups which correspond to those of the nutrient 
substances, and which have the capacity to combine with the receptors 
of certain cells. Such atom groups of the toxin molecule Ehrlich calls 
“haptophorous groups” because they produce the fixation on to the 
cells. This view has been strengthened by numerous observations 
which prove that quite a number of substances, which are not toxins 
but nutrient substances, produce in the animal organism genuine 
antibodies. Bordet, for instance, showed that milk, various forms 
of serum, etc., also produce antibodies, “ precipitins,” which precipitate — 
the corresponding body in a specific manner. The chief evidence in 
favour of the two functions, the haptophorous and the toxophorous, 
is based largely on observations on hemitoxin, in which half of a 
toxin becomes converted into an atoxic substance or toxoid which 
has still the power of combining with the same amount of antitoxin. 
The easiest explanation of the phenomenon is that the toxoids possess 
haptophorous but not toxophorous groups. 

With the help then of the haptophorous group the toxin molecule 
is anchored on to the cell. This, however, does not sufficiently explain 
the toxic action. The presence of the second already mentioned toxo- 
phorous group is necessary. It acts on the protoplasm by means of 
the intermediate action of the haptophorous group. 

On such an hypothesis Morgenroth explains in the simplest manner 
the interesting observation, first made by Courmont, that frogs injected 
with tetanus toxin if kept in a cool place do not develop tetanus, 
but if placed in an incubator at 37° C., quickly become tetanic and 
die. That the toxin was already fixed to the cell was proved by 
injecting sufficient antitoxin to neutralise the toxin, and after sufficient 
time for union had elapsed placing the frogs in the incubator. In 
spite of the presence of the antitoxin they developed a fatal tetanus 
proving that the tetanus toxin had become fixed to the cells in 
sufficient quantity to cause a fatal tetanus. 


G. DEAN 545 


Ehrlich also instances the fact, observed by Billinger and H. Meyer, 
that marmots and bats are not affected by tetanus toxin during their 
winter sleep, but succumb to its action on awaking. Both these 
interesting and anomalous observations may be explained on the 
hypothesis of two groups being present, the haptophorous groups 
being capable of becoming fixed on to the nerve cells at a lower 
temperature than is required for the action of the toxophorous groups. 

The incubation period can be explained easily in this manner. 
The haptophorous group quickly combines with the cell, the toxo- 
phorous group comes more slowly into action. This is confirmed by 
the experiments of Dénitz and Heymans who showed that when 
tetanus or diphtheria toxin is injected into an animal it disappears 
very quickly from the blood, and must, therefore, be fixed to the 
tissues and organs. This disappearance from the blood occurs long 
before the onset of any signs of intoxication. That the toxin has 
become fixed on to the susceptible tissues is proved by the method of 
injecting antitoxins at various periods after the toxin, and ascertaining 
the interval of time after which the antitoxin is no longer capable of 
saving the life of the animal. The experiment was so arranged that 
when a certain quantity of serum was injected at the same time as 
the toxin its action was completely neutralised. After the lapse of six 
minutes the corresponding dose of serum was no longer capable of 
saving the animal’s life, showing that some of the toxin had already 
become fixed on to the susceptible cells. Yet in such a case no symptoms 
would appear till 12 to 24 hours after the toxin injection. This is 
strong evidence in favour of the haptophorous group having become 
fixed on to the suitable side-chain long before the toxophorous group 
came into action. In the above experiment if multiples of the quantity 
of serum were employed the animal could still be saved, showing that 
the cells, to a certain extent, were capable of being freed from the toxin 
already anchored on to them?. 

The susceptibility of the organism to poisons depends, therefore, on 
the presence of suitable “receptors.” Many forms of natural immunity 
and certain forms of acquired immunity may be ascribed to the fact 
that suitable receptors are absent or defective. That poisons such 
as diphtheria toxin only harm certain species of animals, such as mice, 
in very large doses, whereas others, such as guinea-pigs and rabbits, 


1H. Meyer’s experiments showing that tetanus toxin is conveyed along the nerve 
trunks may require some modification of these views. 
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succumb to the minutest dose may be easily explained by assuming 
that the cells of the insusceptible animals do not possess the suitable 
receptors. If the receptors which have a particular affinity for a toxin 
are distributed widely through the tissues or organs of an animal’s 
body, the dose of toxin necessary to kill such an animal will be 
greater than in the case of an animal in which the receptors are 
confined to one organ of great importance to life such as the brain. 

In the one case the toxin will have its activity diffused and will be 
diverted from important organs; in the other case, the toxic force will 
be concentrated on cells, an interference with whose action endangers 
the life of the animal. The large swellings in the connective tissue 
which diphtheria toxin, ricin, and abrin produce can only be explained 
by an anchoring of the toxin on to the subcutaneous connective tissue 
cells. In this connection it is interesting to note that the delicate 
connective tissue of the mouse is untouched by diphtheria toxin, 
whereas a hundredth or thousandth part of the dose produces in 
the guinea-pig an extensive necrosis of the skin. We may here recall 
Buchner’s experiment wherein he observed that a mixture of tetanus 
toxin and antitoxin, which was harmless to the mouse, was still capable 
of causing tetanus in the guinea-pig. The probable explanation is 
that a certain amount of toxin remained unneutralised in the mixture, 
and Ehrlich suggests that in the body of the mouse there exist a number 
of receptors distributed through the body, whereas in the guinea-pig 
most of the receptors are confined to the nerve cells. This may also 
explain the fact that the guinea-pig is much more susceptible than the 
mouse. In this way it is easy to understand how the trace of un- 
neutralised toxin, finding its way direct to the important nerve cells of 
the guinea-pig, manifests its toxic action. 


Receptors in Production of Antitoain. 


If the receptors of a cell are occupied by toxin a defect in the cell 
life is produced and the affected side-chain can no longer exercise its 
normal function of taking up nutrient substances. According to 
Weigert’s law this defect will not only be compensated but over- 
compensated. This over-compensation can, through continued injections 
of appropriate amounts, be carried so far that the receptors are produced 
in such abundance as to be no longer of value to the cells, and are 
thrown as useless ballast into the blood fluid. These thrown-off re- 
ceptors, or side-chains, according to Ehrlich’s theory, constitute the 
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antitoxin, which when present in the blood stream can, by uniting 
with it, divert the toxin from the susceptible organs. 

This theory explains the multiplicity of the antitoxins and their 
specific character on the basis of normal physiological processes. Corre- 
sponding to their origin the relation of the antitoxins to the toxins 
is of a purely chemical nature; by their union they form a new 
combination indifferent to the animal body as has been shown by 
Fraser, Ehrlich, Cherry and Martin, Behring and Knorr. 


The Constitution of the Toxin. 


Ehrlich became convinced that the toxins were more complex in 
their nature than had been generally assumed. When we consider 
what a large number of substances one cell can produce (the bark of 
the quinine plant alone produces about 20 different alkaloids, quinine, 
cinchona, cinchonidin, etc.), it seems improbable @ priori that a 
bacterial cell should produce a single poison. We must in future 
reckon with the probability that the products of secretion of bacilli 
contain quite different forms of poison. Ehrlich, for example, showed 
that tetanus filtrates contain, in addition to the spasm producing poison, 
one which dissolves the red blood corpuscles. Through Ehrlich’s, 
and later Madsen’s, researches it was shown that tetano-spasmin and 
tetanolysin possess different haptophorous groups which fit different 
receptors. ‘lhe two corresponding antibodies are produced together 
but in different proportions during immunisation. 

A further question which arises is whether secretion products of 
bacteria which possess similar haptophorous groups are of identical 
nature. ‘The investigation of diphtheria toxin convinced Ehrlich that 
this is not so, but that toxic varieties exist to which a common hapto- 
phorous group is suitable. Besides the typical toxin the diphtheria 
bacillus produces at the same time and commonly in like quantity 
a second product, “toxone,” which is strongly differentiated from the 
chief poison by its action on the animal body. Through the researches 
of Madsen, Ehrlich, Woodhead and others we know that diphtheritic 
paralysis, the onset of which takes place long after the acute intoxication 
caused by the toxin has disappeared, is due to the action of the toxone. 
The toxone is also characterised by the fact that its local action is 
slighter than that of the toxin. It produces no necrosis but only slight 
transitory inflammation, which may be absent in the case of small 
doses. 

35—2 
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It must be assumed that the toxone possesses the same hapto- 
phorous group as the toxin, since it is completely saturated by antitoxin. 
The relationship of the toxone-haptophorous group to the antitoxin is 
distinctly weaker than that of the toxin. If a mixture of both sub- 
stances is partially saturated with antitoxin the toxins are first 
neutralised and later the toxones in a manner similar to the neutral- 
isation of a mixture of hydrochloric acid and acetic acid by a base, in 
which case the hydrochloric acid is first saturated before any combination 
occurs with the acetic acid. The functional difference of the two bodies 
is probably due to the fact that the nature of their respective toxo- 
phorous groups is essentially different. 

The toxones are not products derived from the toxins since in both 
experimental and clinical observations, where the living bacilli are 
concerned, toxone action is clearly to be seen, and, since we believe 
that the toxic products which are produced in the body are at once 
absorbed without having time to pass into modified forms, we must 
assume a primary production of the toxones, in favour of which 
assumption other purely clinical observations may be adduced. 

Of greater importance are certain modifications of the toxin, namely 
toxoids. If the same amount of antitoxin, for example the “immunity 
unit,” saturates in the case of one toxin a quantity which can kill 
100 guinea-pigs, and in a second only the lethal dose for 15 guinea- 
pigs, 1t must be assumed that in the toxin broth other substances 
are present in addition to the toxin which have a specific affinity 
for the antitoxin. Prolonged examination of the loss of toxicity of a 
toxin gave accurate information in regard to the meaning of these 
substances. It was found that during the spontaneous weakening of a 
toxin the neutralisation constants L, and L, can remain completely 
unchanged, while the “absolute toxicity” goes down to a half or 
even lower. It follows from this that the toxophorous group only, 
and not the haptophorous group, has been damaged. We must, 
therefore, assume that the toxophorous complex is more easily affected 
by chemical or thermal injuries than the haptophorous, and that 
“toxoids,” the substances which are non-toxic but are nevertheless 
capable of uniting with antitoxin, occur as the result of the changes 
produced by such influences. 

It is probable that thermal and chemical agents, though capable of 
producing completely atoxic substances which retain the power of 
immunising animals, do not affect a substance of such complex 
structure as the toxophorous group uniformly, but may act in a 
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graduated fashion leaving traces of toxic substances which may be 
demonstrated only on particular races of animals. 


Toxoids and Toxones as Immunising Agents. 


That toxoids can give rise to antitoxins is held by Ehrlich to 
be a strong support to his view that two groups, the haptophorous and 
the toxophorous, are present in the toxin. He holds, for example, that 
animals can be immunised against tetanus by the use of toxoids, and 
that the only easy explanation is the assumption that the haptophorous 
group has remained intact and capable of occupying the side-chains 
of the antitoxin-producing cells, which are thus stimulated to elaborate 
and throw off fresh side-chains, in other words to produce antitoxin. 


THE PHysIco-CHEMICAL THEORY OF ARRHENIUS AND MADSEN}, 


Arrhenius and Madsen have recently brought forward another 
theory of the constitution of toxin and of the nature of the combination 
which takes place between toxin and antitoxin. They hold that the 
assumption of such a complex structure for diphtheria toxin as 
postulated by Ehrlich is unnecessary. They base their views on a 
number of observations obtained by using physico-chemical methods of 
investigation : in reality, by an extension of the methods of investigation 
which were first introduced into the subject with such conspicuous 
ability by Ebrlich. 

Ehrlich, as we have seen, came to the conclusion that the union 
between toxin and antitoxin was similar in nature to the union 
between a strong acid and a strong base. Starting his argument 
from that point he arrived at the conclusion that diphtheria toxin 
was built up of a number of substances of greater or less toxicity and 
having a greater or less affinity for antitoxin. Arrhenius and Madsen 
hold in opposition to this view that the union between toxin and 
antitoxin resembles more the union between a weak base and a 
weak acid. The following is a very brief outline of their argument. 

When increasing quantities of a strong acid are added to an 
aqueous solution of a base the basic quality of the solution gradually 
diminishes, and finally disappears when the equivalent quantity has 


1 Tam much indebted to Mr J, A. Craw for revising the proofs of the sections on the 
Physico-chemical and Adsorption theories, 
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been added. Thus if one equivalent of acid be added to four equivalents 
of base three equivalents of base remain free; if three equivalents of 
acid be added to four equivalents of base one equivalent of base remains 
unneutralised. In other words, the amount of base neutralised is pro- 
portional to the amount of acid added and this relation can be plotted 
graphically as the straight line AN in Fig. 8 where the ordinates 
represent the base and the abscissae the acid equivalents. 


A 


Base 4 


5 Acid 


aa 


Fig. 8. 


This state of affairs strictly holds only for strong acids and strong 
bases ; in the case of weaker acids and weaker bases there is a tendency 
to the formation of a curve near the neutralisation point V where the 
neutralisation line AN passes on to the axis of the abscissae. In 
reality, even in the case of strong acids and strong bases a slight 
bending occurs at JV, but is so slight that it cannot be detected by 
ordinary chemical means. There is only a quantitative difference 
between strong acids and strong bases on the one hand and weak 
bases and weak acids on the other hand. 

If the base and the acid are both’ very weak the bend near V 
becomes very distinct, e.g., the neutralisation of ammonia by boric acid 
may be represented by the curve AB. 

As will be seen from the curve (Fig. 9), after the addition of the first 
equivalent of the boric acid 50°/ of the ammonia is neutralised ; after 
the addition of the second equivalent 66°7 /; after the addition of the 
third equivalent 75°/; and after the fourth equivalent 807/. There- 
fore, whereas the first equivalent added neutralised 50 HA the second 
neutralises only 16-7 /, the third 83%, and the fourth 5 7%. 
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Arrhenius and Madsen carried out a series of haemolytic experiments 
using ammonia in place of a toxin, such as tetanolysin, and boric acid 
in the place of the antitoxin, and they found that the results were in 
every way comparable. By the method of partial saturation of the 


Fig. 9. Curve of Neutralisation of Ammonia by Acids (after Arrhenius and Madsen). 


ammonia with boric acid they found that the first additions of the 
acid produced a much greater relative diminution in the haemolytic 
action than did the later additions, just as occurs in the case of tetanus 
toxin and antitoxin. The curve obtained by plotting out the quantities 
of uncombined ammonia as tested by their haemolytic action is seen 
in Fig. 10, and gives an almost exact graphic representation of 
what occurs in the case of the neutralisation of tetanolysin by anti- 
tetanolysin. The curve is of the same nature as that representing the 
equilibrium between a body in partial dissociation and the products 
of dissociation, in which case the condition of equilibrium has been 
found to be capable of expression by the equation: 


(concentration of free acid) (concentration of free base) 
= K (concentration of combined base), 


where K is the constant of dissociation. In the cases of strong acids 
and strong bases K=0 (or more correctly is of exceedingly small 
magnitude). 

Arrhenius and Madsen say that if Ehrlich’s reasoning were applied 
to this experiment the first amount of ammonia neutralised would be 
regarded as three times as toxic as the second, the second twice as toxic 
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as the third, and so on. Therefore ammonia is not a simple body but 
a complex one consisting of several components of different toxicity and 
different chemical affinities, a reductio ad absurdum. The toxin and 
the ammonia must be equally regarded as simple chemical substances, 
and the union between toxin and antitoxin, just as that between 
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Fig. 10. Curves showing the Neutralisation of the Haemolytic Action of Ammonia by 
Boric Acid (after Arrhenius and Madsen). 


Calculated values plotted as curves :— 


+ observed values. 
x %” 9 
toxicity of mixture due to unneutralised ammonia (Haemolysin, G). 


- - quantity of mixture required to produce a certain arbitrary haemolytic effect (X). 


A series of mixtures are prepared containing an arbitrary quantity of ammonia (toxin) 
and increasing quantities of boric acid (antitoxin). 

The toxicity of the mixture (G) is thus gradually diminished. X is the quantity 
which it is necessary to remove from such a mixture to produce, when introduced 
into a fixed volume of standard suspension of red blood corpuscles, a certain arbitrary 
haemolytic effect. From this itis clear that X will be inversely proportional to G, as 
is indicated by the two curves. 


ammonia and boric acid, must conform to the law of chemical mass- 
action of Guldberg and Waage, viz., that the amount of the action is 
proportional to the active mass of each of the reacting substances. 

The view that toxins are of complex character resulted from the 
difficulty that attached to the investigation of the first toxin studied, 
namely, diphtheria toxin. A specially misleading feature in this case 
was the fact that apparently two forms of intoxication occurred, an 
acute form resulting in rapid death, and a chronic form resulting in 
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late paralysis. A perfectly natural deduction was that there were 
present in the diphtheria toxin two separate substances. The second 
form of intoxication resulted especially when toxin together with a 
comparatively large amount of antitoxin was present and when such a 
mixture, even in large doses, failed to produce the acute toxic action. 

Diphtheria toxin examined in this new light gives results which 
are quite in accordance with those obtained in the cases of ammonia 
and borie acid and tetanolysin and anti-tetanolysin. We can examine 
a toxin by adding varying quantities of antitoxin to an arbitrary 
quantity of the toxin and ascertain the toxicities of the resulting 
mixtures. In such experiments volume may be neglected as the volume 
of the body of the guinea-pig is practically constant. Just as in the 
case of ammonia and boric acid, the results may be represented by a 
curve, which has a close resemblance to the analogous curve of 
tetanolysin and its antitoxin, in which the ordinates indicate the toxicity 
of the resulting mixture, or the number of lethal doses in each, and the 
abscissae the amounts of antitoxin added to the constant quantity of 
toxin. By proceeding in this way Arrhenius and Madsen found that 
their results could be expressed by the formula 


toxin free antitoxin free 
x 
vol. vol. 


=K( 


fees 
vol. 
which had been found to apply to the case of equilibrium between a 
body in partial dissociation and its products of dissociation. 

The equation for this case takes the form 


1 1 ‘Lara Tae l\3 
re (n- nj" (o-a) 


where K is the dissociation constant which is different for each toxin ; 
n is the quantity of antitoxin added in fractions of an antitoxic unit; 
T, is the number of lethal doses in the quantity of toxin employed 


where no antitoxin has been added, therefore 7 is the minimal lethal 
0 


dose of that toxin; 7’ is the number of minimal lethal doses in a mixture 


after the addition of antitoxin, therefore ii is the minimal lethal dose 


of that mixture; p indicates the number of toxin equivalents in an 
antitoxic unit if we take the quantity of toxin employed as an 
arbitrary unit. KK and p are determined from two or more equations 
of the above form where they are regarded as the two unknowns, the 
other values in the equations having been ascertained by experiment. 
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The manner of arriving at the above equation is-as follows : 
If we inject, for example, a quantity of the mixture sufficient to kill a guinea-pig 


on the fourth day, in which case the free toxin is equal to 1 M.L.D. or iS , then np 7 
0 


is the total quantity of antitoxin in the mixture, for ris the quantity which 


contains 1 M.L.D. of the toxic mixture; n of antitoxin was added, therefore mis 


present before combination. Assume that one antitoxic unit is equivalent to 
p toxic units expressed in M.L.D., then the total amount of antitoxin, expressed as 


equivalent units, in the lethal mixture is f . The difference between the quantity 
added be , and the quantity free a , that is ee , expresses the quantity of toxin 
Ts T) TOMAT 


fixed in combination. The basis of the whole theory is that toxin and antitoxin 
combine in equivalent proportions, therefore the combined antitoxin can also be 


expressed by ao 7 . The total antitoxin minus the fixed antitoxin gives the free 
0 


ae i 
antitoxin, therefore from the above determinations np i G- 7m) expresses the 
0 


free antitoxin. 
Then the equation 


e =) ‘ (SL = iby ( een 


vol. vol. ia vol. 


can be expressed thus 
u 1 1 1 dI Dey 
nxt 0 (nm pr* (em) 
A few examples of the experiments required to arrive at the 
necessary data may help to elucidate the matter. 


A toxin has 420 M.L.D. in the quantity of toxin employed expressed as unity. 
In this case no fraction of the antitoxic unit has been added, ze. n=0 and 


1 1 
T= 420, so that og = ‘0023. We may tabulate the result thus : 
0 
1 
nr Le iT 
0 420 0023 


Now if ‘1 c.c. of an antitoxic unit is added to the toxin and the toxicity of the 
mixture tested on guinea-pigs and it is found that there are only 306 M.u.D. in the 
mixture and 1 M.L.D. is 34% or ‘0032 the result may be tabulated thus: 


Tf 
n Ye 7 
Ol 306 0032 


In another experiment where °2 c.c, of the antitoxic unit is added only 209 M.u.p, 
are present in the mixture, therefore 


T=209 and wT : 


T — 209 = 0047, 


which may be tabulated thus : 


1 
n fh a 
0-2 209 ‘0047 


By substituting these values which have been ascertained experimentally we 
have the data for two equations 
(1) 0023 {-1 x p x ‘0032 — (0032 — 0023)} =X (-0032 — 0023)2, 
(2) 0023 {-2 x p x 0047 — (0047 — 0023)} = K (-0047 — -0023)2, 
from which the values of p and & can be determined mathematically. 
Where only two such equations are employed to ascertain the values of p and X 
these will be only approximate, but the more equations, based on experimental data, 
employed the more accurate will be the values. p and X are therefore determined 


by Arrhenius and Madsen from as many data as possible and at the same time the 
corrections of the M.L.D. as ascertained from loss of weight and lethal period are 
employed (see p. 470). 

The most accurate values possible for p and A having been determined the 
equations are then employed to arrive at the theoretical values of 7’. 


A complete series of experiments by Madsen of the nature indicated 
are shown in the Table. 


Neutralisation of Toxin No. 471 (Arrhenius and Madsen). Ehrlich’s 
Standard Test Serum was employed. 


p=2'5 K=0:0122 
n nXp Ht Observed Calculated 

0 0 420 100 100 

0°05 0°125 313 TA°4 87°5 
Ol 0°25 306 72°8 75'1 
0°15 0°375 242 57°6 62°7 
0:2 0°5 209 ; 49°8 50°6 
0°25 0°625 135 32°2 38°6 
0°3 0°75 118 28°0 27°3 
0°35 0°875 72°5 17°2 17°5 
0-4 1:00 46°5 Taker t oeo 
0°45 1°125 23°5 5°6 6:0 
05 1°25 5 1:2 4:1 


Note. K is the dissociation constant. 7’=the toxic units or minimal lethal doses 
in the mixtures. 7 is the fraction of an antitoxic unit which is added to the toxin. 
The constant quantity of toxin employed in these experiments being taken as 
unity, the value “p” indicates the number of equivalents of antitoxin contained in 


one antitoxic unit— as ; 
p _ immunising unit 


1 __ toxic unit 
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If n parts of the antitoxic unit be added to this unit of toxin then the product 
“mp” indicates the ratio between the equivalents of antitoxin and toxin in the 
individual cases examined 

np _ equivalents of antitoxin 
5 toxin unit 

In the 4th and 5th columns under the bracket, the calculated and observed 

values of 7’ are reduced to percentages. 


The numbers obtained by experiment and calculation were found to 
be in agreement within the experimental error. 

In the accompanying chart the observed and calculated values 
reduced to percentages from the above table are plotted. The ordinates 
show the number of lethal doses, the abscissae the amounts of antitoxin 
added to the constant quantity of toxin employed. 


Chart showing the percentage values of T', observed values indicated 
thus ©, calculated values thus @ on the curve. 
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Fig. 11. The ordinates indicate the number of lethal doses in the mixtures (T), the 
abscissae the fractions of a c.c. of antitoxin added. 
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Toxicity of mixtures of Diphtheria Antitoxin and Diphtheria Toain 
at Different Dates. 


p=2'5 K=0-0122. 
T. observed T. observed 
(Feb. 1902) (Sept. 1903) 
: eS ——__—— T. calculated 
n nXp 100 AL 100 Ay 100 
0:10 0:25 72°8 306 75-1 161 751 
0-15 0°375 57°6 242 62°6 134 62°7 
0:20 0:5 49°8 209 47-6 102 50°6 
0°25 0°625 32:2 135 45:8 98 38°6 
0°30 0°75 28:0 118 25°9 55d 27°3 
0°35 0°875 17:2 72°5 17°3 37 17:5 
0-40 1:00 111 46°5 9-6 20°6 9°9 
0-45 1°125 5°6 23°5 5:3 11:4 6:0 
0°50 ~ 1:25 1:2 5°0 kal 6°5 4-1 
0°60 — — — 1:6 3°5 2°6 


The toxin employed lost half its strength in 17 months though it 
maintained its power of fixing antitoxin, and the value of K remained 
quasi-constant. To explain this phase Madsen and Arrhenius have 
admitted, following Ehrlich, that the poison has been transformed into 
an inoffensive modification, “syntoxoid,” possessing the same affinity 
for antitoxin, and the constant of equilibrium of the initial poison. 
If we take this view of the matter we must admit that the two 
molecules which result from the reactions of the toxin and of the 
toxoid with the antitoxin are different. 

The reaction recalls that of etherification : 


acid + ethylic alcohol water + ether, 
—_ 


If this is the case the reaction resembles an etherification in which 
two acids having the same affinity for an alcohol react on it, and give 
rise to two different ethers and water. The analogue of the water, 
the common substance resulting from the reaction, they call titoxin; 
of the analogues of the ethers, the one resulting from toxoid they call 
toxoidane, the other resulting from toxin they call toxinane. 


Toxin and antitoxin = toxinane + titoxin. 
Toxoid and antitoxin = toxoidane + titoxin. 


From the formula it appears that one molecule of toxin combines 
with one molecule of antitoxin to form two molecules of the new 
combination toxin-antitoxin. If to a given quantity of toxin there 
is added a relatively small amount of antitoxin this will be almost 
entirely fixed and the surplus of the toxin will remain free. There 
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will be almost no antitoxin free because in these proportions the 
combination toxin-antitoxin is only very feebly dissociated. As we 
increase the amount of antitoxin a greater amount of toxin will be 
fixed, but at the same time the toxin-antitoxin will be dissociated 
more and more, so that there will always be present toxin and antitoxin 
side by side. If incomplete association of the combination toxin- 
antitoxin did not take place then the union between toxin and antitoxin 
would be in the form of a straight line as in the case of the strong acid 
and the strong base. 

As we add more and more antitoxin the quantity of the free 
toxin diminishes but the decrease occurs progressively more slowly, and 
theoretically however much antitoxin may be added there remains 
always some toxin free. This phenomenon is indicated by the form 
of the curve. The difficulty of determining the L, and the point of 
complete neutralisation can be explained from this point of view since 
such a neutral point does not exist. In this way also the toxone-zone 
of the spectrum may be explained. The slight oedema and late paralysis, 
according to Arrhenius and Madsen, are due not to a separate body 
toxone but to toxin either unneutralised or dissociated. 

The dissociation of the toxin-antitoxin compound gives a com- 
paratively easy explanation of the results obtained by Dreyer and 
Madsen in the rabbit and guinea-pig. A mixture of toxin and anti- 
toxin, which had no effect on the guinea-pig, when injected intravenously 
into the rabbit produced paralysis; and a mixture, which in the guinea- 
pig gave rise to paralysis only, was rapidly fatal to the rabbit. It is 
difficult to understand this result if we regard the paralysing substance, 
the toxone, as a separate body, whereas it 1s easy to understand and 
interpret if we attribute both acute death and paralysis to the toxin 
and regard the difference as only a quantitative one. 

Madsen and Walbum (1904) have obtained with neutral mixtures 
of diphtheria toxin and antitoxin results which they regard as an 
absolute proof of the occurrence of dissociation. They pour on to the 
surface of a column of gelatin a mixture of diphtheria toxin and 
antitoxin, which is absolutely harmless to a guinea-pig. After re- 
maining for 66 days at a temperature of 2° to 3°C., half a ccm. of 
the column of gelatin is cut off, melted and mixed with a lethal dose 
of toxin. This mixture injected into a guinea-pig does not kill the 
animal. Some antitoxin, therefore, has diffused into the upper layers 
of the gelatin. The 10 ccm. below this upper layer is melted and 
one half of it when injected into a guinea-pig kills the animal; the 
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Chart showing the theoretical curve of neutralisation of diphtheria toxin 
by increasing quantities of antitoxin, contrasted with certain experimental 


data (after Madsen, 1903, p. 640). 
120 
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Fig. 12. The ordinates indicate toxicity or number of lethal doses, the abscissae the 
amounts of antitoxin added to the constant quantity of toxin. 
e=calculated values. © =observed values. 
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other half, mixed with antitoxin, produces in another. guinea-pig only 
a slight transient oedema, probably due to the gelatin. The interpre- 
tation of this experiment appears to be that a neutral mixture of 
diphtheria toxin and antitoxin has become dissociated, part of the 
dissociated antitoxin has diffused into the upper layer of gelatin, 
and the dissociated toxin being more diffusible has extended deeper 
into the gelatin. 

By a similar method the constants of diffusion for diphtheria toxin 
and antitoxin, and for tetanolysin and anti-tetanolysin, were estimated 
with the result that the constants for the antitoxin were found to be 
much smaller than those for the toxins, indicating that the molecular 
weights of the antitoxins are much greater than those of the toxins. 

Certain of the diphtheria curves worked out by Madsen do not 
coincide throughout their whole length with the theoretical curves. 
The upper part of the curve is quite flat and runs parallel to the axis 
of the abscissae (see Figs. 12 and 13). 


Chart showing the toxicities of the mixtures obtained by gradually adding 
increasing quantities of antitoxin to a fixed quantity of diphtheria toxin 
(after Madsen, 1903, p. 639). 


0;1°.0,2°):0,2'4,04500,5 30.652 -077 
Fig. 13. 


This indicates that during the process of partial saturation the first 
additions of antitoxin to a fixed quantity of toxin have no effect in 
diminishing the toxicity. Such a result could be explained by retaining 
Ehrlich’s “ Protoxoids,’ but in their more recent communications 
Arrhenius and Madsen state that in the case of certain toxins this 
appearance of the curve is absent and that it was probably due to an 
experimental error. 

Arrhenius and Madsen have summed up their results and views in 
regard to diphtheria toxin and antitoxin as follows: 

1. The neutralisation of diphtheria toxin by antitoxin follows the 
law of Guldberg and Waage. 
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2. Its constant of dissociation is comparatively insignificant, it 
varies in the observed cases between 0:004 and 0:03. 

3. A toxin in losing its toxicity by age probably follows the law of 
the rate of monomolecular reactions. 

4. That rate of reaction can be very different in different cases so 
that the stability of one toxin can be double that of another. 

5. By its loss of toxicity the toxin does not at first lose to an 
appreciable degree its power of fixing antitoxin nor does it change its 
constant of dissociation. 

6. No indications of the presence of protoxoids have been found 
although they have been purposely looked for. 

7. It is no longer necessary to believe in the presence of toxones; 
nevertheless, concentrated solutions of toxin show perturbations due 
probably ‘to a marked fall in ‘the rapidity of reaction in the presence 
of high concentrations of antitoxin. 

8. All these characteristics of diphtheria toxin can be explained 
on the following hypotheses: 

A. Diphtheria toxin is a homogeneous toxin. 

B. Diphtheria toxin changes slowly after the laws of mono- 
molecular reactions into the atoxic body, toxoid. 

C. The quantity of toxoid formed by a given quantity of toxin is 
here considered as equivalent to the toxin. Toxins and toxoids react in 
equivalent quantities with equal quantities of antitoxin, so that from 
one molecule of toxin or of toxoid and one molecule of antitoxin there 
are formed two molecules, the one of a body which is alike in the two 
cases (called “ titoxine”), the other of a body which is not identical in 
the two cases, called “toxinane” when originating from toxin, and 
“toxoidane” when from toxoid. Like antitoxin these products are 
atoxic. 

D. The constant of equilibrium is equal for the two reactions, 
namely, those of the toxin and of the toxoid with the antitoxin. 


CRITICISMS OF THE VIEWS OF ARRHENIUS AND MADSEN. 


In replying to these views Ehrlich (1903, 1904) adheres to his 
previous position. He reviews a number of the facts and analyses 
many of the data of which support his views of the complex composition 
of diphtheria toxin, and of the nature of the union which takes place 
between toxin and antitoxin. 

N. D. 36 
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In regard to the complexity of diphtheria toxin he says that this 
falls into line with a common biological experience, that organisms 
never produce a single characteristic substance but tend rather to give 
rise to a series of bodies which resemble one another. He instances 
opium which contains nearly 20 alkaloids, morphine, kodeine, etc., 
which have a certain similarity of action, but which are sharply 
differentiated from one another. Cinchona bark furnishes another 
good example. 

He reviews his grounds for considering toxone a separate poison, 
secreted as such by the bacillus and not derived secondarily from the 
toxin. The striking difference in the time at which the action occurs 
and the widely different effects produced on the animal body are 
strongly in favour of there being two distinct substances at work. 
There is first the toxin effect which produces death within a few days 
or in sub-lethal doses gives rise to rapid local symptoms of inflammation 
in the subcutaneous tissue, oedema, alopecia, accompanied by loss of 
weight, etc. If on the other hand a man or animal has survived an 
attack of diphtheria, even if the local effect has been of the slightest, 
there may supervene after an interval of weeks characteristic paralyses. 
These late effects are of such a different character that Ehrlich holds 
they strongly support the view that they are produced by another 
poison, namely, the toxone. 

Further, he refers to his observation that old diphtheria toxin, 
although its toxicity may have greatly diminished, still requires as 
much antitoxin as formerly to neutralise it. This can only be explained 
by the conversion of a part of the toxin into a less toxic substance, 
“toxoid,” which retains its original avidity for antitoxin. The validity 
of this last argument has, indeed, been admitted by Arrhenius and 
Madsen. LEhrlich’s analyses of the results obtained from the examina- 
tion of the same toxins at different periods, and of toxins of widely 
different composition, are too elaborate for reproduction here and we 
must refer the reader to his original papers and those of Morgenroth 
(1904). 

In addition to the biological arguments against the view that 
toxins are simple bodies, certain criticisms have been raised touching 
the physico-chemical views advanced by Arrhenius and Madsen. 

If Arrhenius and Madsen’s view, that the union between toxin and 
antitoxin resembles an etherification, is correct, then the toxin-antitoxin 
reaction must be reversible, for this is the essential feature of such 
a reaction; the acid acts on the alcohol and gives rise to ether and 
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water; the water again reacts on the ether, and alcohol and acid 
result. 

In such reversible reactions when the same quantities of the re- 
acting substances are employed, no matter how they are brought 
together, the same equilibrium is established, that is to say, at the 
end of the reaction the same amounts of the free substances and of the 
products of reaction are always present in the mixture. Is the equi- 
librium of such a character in the toxin-antitoxin reaction as to indicate 
that the reaction is reversible ? 

Von Dungern (1904), reverting to an observation made by Danysz 
(1902), investigated this point. Danysz had found that it was not 
a matter of indifference whether the toxin was added altogether or 
in fractions to the antitoxic unit. If the L, dose of toxin is added 
to the unit and left in contact for six hours and then more toxin is 
added it requires a smaller addition of toxin to reach the L, dose 
than if all the toxin were added at once to the antitoxic unit. The 
difference between the L, and the L, is smaller, therefore, in the case of 
fractional addition. Von Dungern confirmed this fact for diphtheria 
toxin, and indicated its importance as an argument against the reaction 
being a reversible one and in favour of Ehrlich’s assumption of the 
existence in diphtheria toxin of groups, having different avidities for 
the antitoxin. 

The results obtained by this line of experiment also indicated that 
a closer binding of the combination occurred after union had taken 
place. The experiments of Danysz and von Dungern were repeated 
and confirmed by Sachs in the case of tetanus toxin. 

Nernst (1904) has submitted some of the calculations of Arrhenius 
and Madsen to a searching examination. He finds that the selection of 
the figures in estimating the end points of reactions has been altogether 
arbitrary. The equilibria which they assume to exist in the case of 
toxin-antitoxin are not true equilibria but belong to the class of “ false ” 
equilibria, well known to the physical chemist. The variation of the 
dissociation constant from one diphtheria toxin to another seems to 
him to demonstrate the complexity of the toxic fluid. He concludes 
that the law of mass action (Guldberg and Waage) has been improperly 
applied. This law has hitherto been limited to gases and to true 
solutions, and this attempt by Arrhenius and Madsen to apply it to 
substances which are of the nature of colloidal solutions is not justified. 
In the case of toxins and antitoxins we are dealing not with true 
solutions, but with a form of suspension, the physico-chemical knowledge 
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of which is only in its infancy. The physical chemist must have a 
more accurate knowledge of the laws governing the colloidal state 
before he can hope to deal successfully with biological problems such 
as the nature and relation of toxin and antitoxin. 

Sachs (1904) discusses the question of reversibility. He refers to 
Martin and Cherry’s work in which it was shown that although toxin 
alone passes through a gelatin filter no toxin was found to pass from 
a toxin-antitoxin mixture, showing that no free dissociated toxin was 
present in the mixture. He holds that Madsen and Walbum’s experi- 
ment of the diffusion of toxin into gelatin is completely upset by 
Morgenroth’s (1904) observation that 24 hours are required for complete 
union of toxin with antitoxin. Madsen and Walbum say in regard to 
their experiment that it is a necessary condition for dissociation that 
the mixture of toxin and antitoxin should be fresh and should not have 
stood long. Madsen and Walbum’s experiment is only an additional 
proof, therefore, of the irreversible nature of the combination. 


THE ADSORPTION VIEWS OF THE TOXIN-ANTITOXIN REACTION. 


Bordet (1901—3) thinks that the fixation of toxin by antitoxin is a 
process analogous to the fixation of a dye on a tissue. He states that 
his view has been misunderstood, and that by such fixation he does not 
mean mere mechanical action to the exclusion from the reaction of all 
chemical characteristics. He holds it would be hazardous to assume, as 
some of his critics do, that the phenomena of coloration never come 
within the range of chemistry, but are purely mechanical depending on 
physical properties, such as the texture and porosity of the stained 
material. He instances the absorption of iodine from a watery solution 
by starch. 

He holds that the reaction differs from ordinary chemical reactions 
in that the toxin and antitoxin by their union do not always form one 
and the same substance which invariably possesses the same characters. 
The toxin and antitoxin unite in variable proportions, and the mole- 
cules of antitoxin distribute themselves on all the toxic molecules 
present. A complex is thus formed which is less toxic. The phenomena 
of intoxication in the case of such toxins modified by antitoxin will not 
be the same as those resulting from the action of intact toxins. 

Between the extremes of pure toxin and toxin entirely saturated 
all the transition stages of progressive attenuation can be conceived. 
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Every time the same proportions are used the same degree of toxicity 
of the compound will be attained. 

Bordet thinks that a number of anomalous phenomena can thus be 
explained. It is easy to understand from this view how a mixture 
neutral for one species of animal may be toxic for another. The toxone 
phenomenon can also be explained on this hypothesis of compounds 
having different toxic actions. 

Danysz (1902) holds a view identical with Bordet’s, and in support 
of it has added interesting experimental evidence, to which reference 
has already been made. 

Nernst (1904) pointed out that, since the substances involved in the 
reaction are both colloidal in character, the union is probably of the 
nature of an adsorption of the smaller toxin molecules by the larger 
antitoxin molecules. 

Craw, J. A. (1905), in a series of experiments on megatheriolysin 
and antilysin, came to the conclusion that the removal of lysin from 
a solution by antilysin is not capable of interpretation as a purely 
chemical change, and that the law of chemical mass action does not 
apply when the lysin is present in excess. Lysin and antilysin in 
the free state are present both in sub-neutralised and over-neutralised 
mixtures. He holds that the phenomena are more analogous to certain 
adsorption phenomena. 


THE BEHAVIOUR OF ANTITOXIN IN THE ANIMAL BODY WHEN 
USED FOR THE PRODUCTION OF PASSIVE IMMUNITY. 


When diphtheria antitoxin is injected subcutaneously with the view 
of rendering an animal immune, a certain time must elapse before the 
maximum effect is attained. Owing to the large size of its constituent 
particles the antitoxin diffuses somewhat slowly, first into the lymphatics 
and thence into the blood stream. So slow is the passage from the 
site of inoculation into the general circulation that, according to 
Behring (1901), eight hours can be saved by injecting the antitoxin 
directly into the blood stream. Henderson Smith (1907) found that 
after a subcutaneous injection of diphtheria antitoxin the maximum 
antitoxic value of the blood serum was not reached till about the third 
day. Apart from its specific action, by means of which the recipient 
of the serum is rendered immune to the disease, certain secondary 
collateral effects are sometimes produced which will be dealt with in 
Chapter XIX. 
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When the antitoxin is injected into persons already affected with 
diphtheria it combines with any toxin which may be present in the 
blood and prevents the poison from attacking the susceptible cells. 
So long as there is free antitoxin in the blood the toxin elaborated at 
the site of infection and absorbed into the blood does not reach the 
cells for which it has a specific affinity, but is arrested and neutralised 
by the antitoxin, and the latter may even have some influence in wresting 
the toxin from the cells during the early stages of combination. The 
experiments of Fraser (1896), C. J. Martin (1898), and Heymans (1898) 
and Dénitz (1899) are interesting in this connection. These observers 
find that the combination between the toxin andthe susceptible cells takes 
place very rapidly, and that therefore a very short interval only must 
elapse between the injection of the toxin and the subsequent injection 
of the antitoxin, if the latter is to be employed to prevent the union. 
Donitz, for instance, found that if a single lethal dose of toxin was 
injected intravenously into a rabbit before the antitoxin, it could be 
neutralised by the same amount of antitoxin as was required in vitro, 
provided an interval of not more than nine minutes elapsed. If the 
interval was longer, then a larger dose of antitoxin was necessary to 
save the life of the animal. If a period of one and a half to two hours, 
or longer, had passed after the toxin injection, then no amount of anti- - 
toxin was capable of averting the death of the animal. The natural 
interpretation of these results is that the toxin at first circulates free 
in the blood, during which time the toxin-antitoxin combination takes 
place just as im wtro; later the toxin becomes anchored on to the 
susceptible cells, but up to a certain period the combination is a loose 
one, capable of being broken down by the presence of a large quantity 
of antitoxin; finally the toxin attaches itself so firmly to the cells that 
no matter how much antitoxin is used the union cannot be dissolved. 


The Rate of Disappearance of Antitoxin from the Blood. 


The larger the amount of antitoxin injected into an animal the 
longer, caeterts paribus, will antitoxin be capable of demonstration in 
the blood. The rate of disappearance according to Bomstein (1897) 
and others is proportional to the concentration of the antitoxin in the 
blood. 

The duration of passive immunity in diphtheria is one of great 
practical importance and has been studied by a number of observers. 
Behring (1897) found that there was still a considerable quantity of 
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antitoxin present in the blood of goats 23 days after a large injection, 
and that antitoxin was demonstrable in the blood of children up to four 
weeks after a dose of 250 units. This coincides with a wide clinical 
experience that protection lasts for about four weeks. Passini (1896), 
after an injection in man, failed to demonstrate antitoxin after 12 days. 
Bomstein (1898) injected 8000 to 10,000 units into dogs, and failed to 
find any antitoxin after 18 days. Bulloch (1898) injected 25,000 units 
into a donkey and traced the antitoxin curve. This reached its maxi- 
mum in 24 hours. On the fourth day a marked fall was noted, which 
continued until the 100th day when antitoxin in a measurable quantity 
was still present. On the 126th day it was below one-tenth of a unit 
perc.c. Kraus and Joachim (1903) have shown that when diphtheria 
antitoxin, obtained from the horse, is injected into the rabbit its 
disappearance is very rapid, a great diminution being discernible even 
within one hour}, 


Absorption of Antitoxin from the Alimentary Canal. 


Ehrlich (1892) clearly demonstrated that suckling animals could 
absorb antitoxin from the mothers’ milk, and this fact has been con- 
firmed by a number of workers. Escherich (1897) investigated 
the question as to whether antitoxin could be absorbed when ad- 
ministered per os or per rectum. The experiment was carried out on 
children of various ages, but the only positive results were obtained when 
the antitoxin was administered per os in sucklings. Rectal injection 
gave entirely negative results. Since Escherich’s work many papers 
have appeared claiming good clinical results from the administration 
of antitoxin by the mouth, but experimental results show that there is 
little or no absorption of the antitoxin obtained from another species, 
Thus Salge (1904) found that when the antitoxin was an integral part 
of the milk it could be demonstrated by Marx’s (1901) method in the blood 
of sucklings. When, however, antitoxic serum from the horse was added 
to the milk, antitoxin could not be found in the blood. Salge concluded 
that the homologous proteids of the mother’s milk could be absorbed by 
the child, whereas the heterologous proteids of the serum of the horse 
could not pass through the walls of the alimentary canal. Uffenheimer 
(1904), who reviewed Salge’s paper, said that his own experiments on 


1 This subject is closely associated with the question of the production of anti-antitoxin 
dealt with in another section, p. 568. 
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animals (the antitoxin being measured by Marx’s method) gave results 
in opposition to those of Salge. Dzierzgowski (1899) found that when 
the antitoxin was introduced into the empty stomach of the rabbit a 
slight immunity was conferred. Hewlett (1902) could find no trace of 
absorption of antitoxin from the stomach or rectum in the case of 
guinea-pigs and rabbits. The factors which hinder diphtheria toxin, 
introduced into the alimentary canal, from exercising its toxic action 
are no doubt at work in preventing the absorption of the antitoxin. 
The hydrochloric acid of the gastric juice probably plays an important 
part. Oppenheimer states that neutralised pepsin, pancreatin and bile 
are not very harmful. Pick found that two-thirds of the antitoxin 
was destroyed during a trypsin digestion experiment lasting nine days. 
Intestinal bacteria probably exert a destructive influence on the antitoxin. 
Though colloidal substances with large molecules diffuse with difficulty 
through an animal membrane, this does not prevent the passage 
of antitoxin in the suckling. It is possible, however, that the homo- 
logous or heterologous nature of the antitoxic serum may be an 
important factor in influencing absorption. 


THE QUESTION OF THE PRODUCTION OF ANTI-ANTITOXIN. 


Does an antitoxic serum obtained from one species, when injected 
into another species, give rise to the production of an anti-antitoxin ? 
The rapid disappearance of antitoxin from the blood of passively 
immunised animals would be readily reconcilable with such an 
hypothesis. 

Pfeiffer and Friedberger (1902 and 1903) were able to demonstrate 
that an anti-antibody could be obtained to a bacteriolytic serum. The 
injection into rabbits of a cholera-immune serum from the goat gave 
rise to the formation of an anti-bacteriolytic serum with “ anti-cholera 
amboceptors.” 

From this observation it might have been anticipated that the 
demonstration of an anti-antitoxin would be an easy matter. This, 
however, is not the case, and a number of observers, among whom may 
be mentioned Kraus and Eisenberg (1902), and Kraus and Joachim 
(1903), have reported experiments which show that in the case of 
diphtheria the injection of a heterologous antitoxic serum into an 
animal does not give rise to an anti-antitoxin. 

Certain observations relating to the production of specific precipitins 
bear on this subject. Thus Atkinson (1903) showed that the sera of 
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rabbits, some of which had been injected with normal horse serum, 
others with antitoxic serum, in both cases produced precipitins which 
were capable of throwing down the substance to which the antitoxin 
adheres. Sacharof (1905) also found that diphtheria antitoxin in 
horse serum is attached to the elements which give rise to precipitin 
formation, and that the precipitate obtained from serum by the use 
of this precipitin includes the antitoxin adhering to the proteids. 
That a similar process occurs in the animal body was shown by the 
following experiment. Into two rabbits of equal weight, of which one 
was normal and the other had previously received an injection of 
normal horse serum, the same quantity of diphtheria antitoxin was 
injected. After a short time the animals were bled and their serum 
was tested for the presence of antitoxin against a certain dose of toxin. 
It was found that a larger quantity of serum from the animal which 
had received the injection of normal horse serum was required in order 
to neutralise the dose of diphtheria toxin. 

It must be noted that these results do not prove the existence of 
a substance which acts per se as an anti-antitoxin; the apparent 
action in that direction may be merely a secondary effect of the 
precipitin action. 


INHERITED IMMUNITY. 


Transmission of acquired immunity to offspring. 


Ehrlich (1892) and Ehrlich and Hiibner (1894) first successfully 
employed experimental methods in investigating the transmission of 
acquired immunity from the parent to the offspring. A series of 
experiments to investigate the transmission of immunity in the case 
of abrin, ricin, and robin was carried out in mice. Later, similar in- 
vestigations were made in regard to immunity to tetanus toxin, and for 
these experiments mice and guinea-pigs were employed. 

In these experiments Ehrlich used the ingenious method of trans- 
ferring the young of the normal mouse to an immune foster-mother, 
and the young of an immune mother to a normal foster-mother. The 
conclusions arrived at were summed up as follows. 

1. The idioplasm of the sperma cannot transfer immunity. 

2. The ovum is also incapable of transferring immunity. 

3. The immunity which can be observed in the progeny at birth 
originates from maternal antibodies received through the placental 
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blood. The immunity is of short duration, lasting up to three to 
four weeks, 

4. The milk is the actual agent by which the immune substances 
are conveyed to the suckling. 

5. The longer the maternal milk is supplied the greater is the 
immunity attained. 

6. The immunity is, therefore, passive and is limited to two or 
three months. 

Wernicke (1895) confirmed Ehrlich’s results in the case of diphtheria 
immunity in the guinea-pig. 

On the other hand, a number of workers have supported the view 
that a true, inherited, histogenic immunity can occur. Vaillard (1896), 
for example, came to the conclusion that the leucocytes of the 
descendants of animals, which had been immunised against anthrax, 
inherited a specially active phagocytic power against that bacillus. 
Tizzoni and Centanni (1893), working with the virus of rabies, and 
Gley and Charrin (1893), working with B. pyocyaneus, have asserted 
that the immunity can be propagated from the male to the offspring 
by means of the sperma. 

Remlinger (1899) concluded that in regard to the transmission of 
immunity against the typhoid bacillus the male does not exert any 
influence, but that the réle of the female is important, especially when 
the immunisation has been carried on during gestation; even then the 
immunity is transient, lasting only one or two months, and is limited 
to the one gestation after the vaccination. He thought that suckling 
did not, at least in the case of the rabbit or guinea-pig, play any 
part in the transmission of immunity. 

On the question of the transmission of the agglutinating power 
there is a mass of literature into which we cannot enter here. In 
Remlinger’s experimental investigations it was found that the male 
animal played no part, and that it was only when the injections of 
bacilli were carried out during gestation that the young acquired the 
property through the placental circulation. The agglutinating property 
could not be acquired through suckling. 

Kraus (1901) was the first to study the transmission of immunity 
from parents to offspring by the employment of haemolysins obtained 
by injecting the red blood corpuscles of an animal into an animal of 
a different species. He came to the conclusion that as no immune 
substance could be demonstrated in the milk, and that as the serum 
of the young of the immune rabbits was haemolytic, the haemolysin 
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must pass to the young through the placental circulation. Bulloch 
(1902), on the other hand, found that immune substance, but no com- 
plement, was present in the milk of immunised rabbits. His results 
entirely confirmed Ehrlich’s observations on this subject. 

Dzierzgowski (1901) carried out a series of experiments on the 
inheritance of acquired diphtheria immunity, using hens for his ex- 
periments. The immunity was produced by first injecting antitoxin 
only, and later combined toxin and antitoxin. During the time when 
serum alone was being used the eggs laid contained no antitoxin, but 
in those laid after toxin and antitoxin had been injected antitoxin 
could be demonstrated in the yolk. The antitoxin was found to be 
associated with a form of globulin, as in the case of the blood serum. 
The blood of the chicks hatched from some of these eggs contained 
antitoxin. Dzierzgowski regarded the immunity as of a purely passive 
character. 


THE QUESTION OF ANTI-MICROBIAL DIPHTHERIA SERUM. 


From the time of the appearance of Behring’s first papers on 
diphtheria immunity it was recognised that anti-diphtheritic serum 
had anti-microbic, as well as antitoxic, properties. Behring’s obser- 
vation was confirmed and extended by a number of observers, among 
whom may be mentioned Klein and Cobbett. 

Van de Velde (1897) undertook an investigation to ascertain 
whether the two properties of the serum could be obtained separately 
by different methods of immunisation. He immunised five goats by 
different methods, and the following Table gives a brief outline of the 
results obtained. In testing the efficacy of the serum in protecting 


Guinea-pigs treated with 
serum of goat and 


Goat Goat treated with afterwards injected with Result 
1 Strong toxin 1. Toxin Survived. 
2. Bacilli Survived. 
2. Washed culture, killed by 1. Toxin Died in 24 days. 
thymol 2. Bacilli Survived. 
3. Culture in bouillon; bacilli 1. Toxin Lived. 
(killed by thymol) + toxin 2. Bacilli Lived. 
4, Weak toxin ie toxin Died in 5 days. 
2. Bacilli Lived. 
5. Toxin heated to 100° C. 1. Toxin Died in 36 hours. 
for 1 hour. 2. Bacilli Died in 24 days. 
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guinea-pigs he used threefold lethal doses of toxin, or of bacilli free 
from toxin, The serum was injected into one side of the body and 12 
hours later the toxin or bacilli into the other side. 

He was thus able to show that the two properties were essentially 
different, and could be obtained separately according to the method of 
immunisation employed. He found that in the antitoxin of commerce 
both the antitoxic and the anti-infectious properties were present. 
He was unable to separate these by heating the serum to various 
temperatures. 

Lipstein (1903) in re-investigating the question as to whether it is 
possible to obtain an anti-microbial diphtheria serum indicates that the 
work of Van de Velde, Klein and others is open to the criticism that 
their results were perhaps due to the antitoxic, and not to the anti- 
microbic properties in the serum. He refers to the universal experience 
that antitoxin is itself capable of protecting against the living organism, 
and holds that Bandi (1902), who found that various commercial 
antitoxins did not protect animals against his bacillus, could not 
have employed a true diphtheria bacillus for his experiments. 

In order to neutralise all traces of diphtheria toxin which, as 
was shown by Kossel, Brieger and Boer, and others, adhere to or are 
contained in the bacillary bodies Lipstein added diphtheria antitoxin to 
emulsions of virulent diphtheria bacilli, which had been grown on 
nutrient agar, and immunised rabbits and guinea-pigs with these 
mixtures. As the result of a very thorough series of experiments 
he concluded that in the case of the animals employed by him there 
was no amboceptor production, and therefore no bactericidal action 
either in vitro or in corpore, and that the survival of certain of his 
experimental animals was due to the traces of antitoxin, sufficient 
in themselves to afford protection as shown by control experiments. 

Fresh interest has recently been aroused in the question of an 
anti-microbial serum by the work of L. Martin (1903). By injecting 
the bacillary bodies intravenously or intraperitoneally into a horse he 
obtained a serum with marked agglutinating properties (see p. 226). 
He claims that this serum has the property when applied locally 
of causing a rapid decrease in the number of living bacilli in the 
throat, and that coincidently the local pain quickly disappears and the 
false membrane becomes more rapidly detached than when only anti- 
toxic serum is used. 

The best results are obtained by incorporating the dried serum 
with gum and using in the form of pastilles. The great value of such 
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a serum would lie in the reduction by its means of the duration of the 
period of isolation and residence in hospital, so often necessitated by 
the persistence of the bacilli in the throats of patients long after 
recovery from all signs of disease. 

Some observations on this subject were made by the Serum Depart- 
ment of the Lister Institute, two horses being injected intravenously 
first with killed and then with living bacilli, The sera obtained 
agglutinated the race of bacillus which was employed in dilutions of 
1:200 and 1:300. Clinical tests were made on a series of cases with 
pastilles containing the serum. No shortening of the period of per- 
sistence of the bacilli in the throat was found. 


SBCRLONAE 


CHAPTER XVIII. 
MORTALITY. © 


By WILLIAM H. PARK ann CHARLES BOLDUAN. 


The history of mortality from diphtheria before and after the introduction of 
the antitoxin treatment. The effect upon statistics of bacteriological examina- 
tions of suspected cases. The proportion of diphtheria cases sent to hospitals. 
The influence of the day of admission on the prognosis of hospital cases. 
The effect of heat and cold on the prevalence of diphtheria. The influence of 
altitude and soil on the prevalence of diphtheria. The influence of race, rainfall, 
and occupation. The mortality and prevalence of diphtheria at different ages. 
Infectivity and virulence. Characteristics of epidemics. Results of antitoxin 
treatment. Comparison of case mortalities. The influence of the time of 
administration on the value of antitoxin treatment. Regarding a possible 
decline in the virulence of the disease in recent times. Operative cases. 
Statistics on alternate cases. The absolute mortalities during a long series of 
years in large cities as an index of the value of antitoxin treatment. The extent 
to which antitoxin is used. 


THE History oF THE MoRTALITY FROM DIPHTHERIA IN VARIOUS 
OUTBREAKS, AND OF THE MORTALITY BEFORE AND AFTER THE 
INTRODUCTION OF THE ANTITOXIN TREATMENT. 


BEFORE entering on a consideration of the mortality from diphtheria 
it seems wise to consider certain facts whose proper understanding is 
necessary to make this study of any value. 

The history of the disease now known as diphtheria goes back to a 
remote time, long before any accurate records were kept. Even during 
recent years the disease in its different localisations in the body has 
been known under different names, and this fact must be recognised in 
order to avoid faulty conclusions. 
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In 1765 Francis Home, of Edinburgh, published a pamphlet 
entitled “An Inquiry into the Nature, Cause and Cure of Croup.” 
The word “croup” at that time was the term given to diphtheria 
when the larynx was attacked, the Scotch word “croup” meaning to 
croak or to speak with a harsh voice. Home’s account of the 
autopsy findings accurately describes such cases as they are met with 
at the present time, and is extremely interesting. 

In 1771 Samuel Bard, of New York, wrote an elaborate article 
on the “Cause, Nature and Treatment of Suffocative Angina.” His 
description of the disease, which we at once recognise as diphtheria, 
was extremely vivid, but his knowledge of the etiology was somewhat 
vague. 

The present name was given to the disease by Bretonneau in 1821. 
His observations were so extensive and so correct that little further 
advance in knowledge took place until the causal relations of the 
diphtheria bacilli and their associated micro-organisms to the disease 
began to be recognised. 

In the official death returns in New York we find the term 
diphtheria first used in 1857, when two deaths due to this cause were 
reported. 

The following table of deaths, from the New York City records, 
is of interest because it gives the names by which the disease was 
formerly known, and shows how the use of the term diphtheria rapidly 
spread. 


TABLE I. 

Inflammation Inflammation Ulceration 
of throat of tonsils Quinsy Sprue ofthroat Angina Croup Diphtheria Totals 
1851 53 — —_— 78 5 38 462 — 636 
1852 50 ~- — 33 20 43 595 _ 641 
1853 107 _ — 43 5 16 502 —s 673 
1854 118 23 — 90 12 10 637 — 172 
1855 64 13 _- 66 10 12 639 aa 804 
1856 50 8 4 49 7 14 550 — 682 
1857 71 15 10 36 7 21 560 2 622 
1858 70 15 2 76) 666 7 11 478 5 644 
1859 0B! 4 3 24 19 58 622 53 894 
1860 132 — 6 15 — 37 599 422 1211 
1861 101 —_ - 25 ug 16 460 453 1072 
1862 68 = = 27 7 2 685 594 1383 
1863 49 — — 14 25 64 908 981 2041 
1864 18 —_ 1 4 8 37 754 781 1603 
1865 — — _ 4 24 5 449 534 1016 
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In regard to the change in nomenclature a quotation from the 
Registrar General’s Report for England and Wales, 1898, is of interest. 
The conditions described therein undoubtedly apply to a greater or Jess 
extent to all other cities and countries. “ With regard to the changes 
that have taken place from time to time in the nomenclature of 
diphtheria it is important to bear in mind the following points. 
1. Diphtheria as a distinct affection had scarcely been recognised 
in England previous to 1855, in which year this disease was for the 
first time separated from scarlet fever in the national records of the 
cause of death. 2. The great diphtheria epidemic of 1858-9 was 
preceded by a marked increase in the mortality from croup and quinsy, 
by a still greater increase in the mortality from cynanche maligna, and 
also by some increase in that from laryngitis. 3. The diphtheria 
epidemic of 1863 was accompanied by parallel movements in the 
mortality ascribed to croup and also in that ascribed to cynanche 
maligna. 4. The incidence of croup in regard both to season and 
to the ages of death of those attacked is found to have been similar 
to that of diphtheria. 5. Whereas the deaths attributed to croup 
in 1861-70 were more numerous by one-third part than those at- 
tributed to diphtheria, the deaths attributed to croup in 1896-98 were 
less than one-sixth part as many as the deaths attributed to diphtheria, 
These facts taken in conjunction, whilst they afford statistical support 
to the current medical opinion as to the identity of the two diseases, 
certainly warrant the assumption that by far the greater number of 
deaths hitherto attributed to croup have finally been caused by 
laryngeal diphtheria.” 

“ At the present day the proportion of deaths attributed to ‘croup’ 
is relatively so small as to scarcely affect the rate. This is especially 
true for London where the mortality from ‘croup’ barely exceeds 3// 
of that from diphtheria.” 

This gradual change in nomenclature is well shown by a table 
giving the annual average rates of mortality during several decennial 
periods in England and Wales (Registrar General’s Report 1898). 
The figures are per 1,000,000 inhabitants. 


TABLE ILI. 

Diphtheria Sore throat 
Periods Diphtheria Croup and croup Laryngitis and quinsy 
1861-70 185 246 431 51 14 
1871-80 121 168 289 48 10 
1881-90 163 144 307 54 24 
1891-95 254 70 324 48 21 
1896-97 269 43 312 44 19 


1898 244 27 271 38 17 
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This change is particularly well shown in Table I. (1851-65) given 
on page 575 and by the following continuation also from New York 
City records. 


TABLE III. 
Croup Diphtheria Approximate ratio 
1858 478 5 96:1 
1859 622 53 TZ 31 
1860 599 422 14:1 
1861 460 453 ibe a! 
1862 685 594 Deter 
1863 908 981 A All 
1864 754 781 -— 
1865 449 534 — 
1866 368 435 — 
1867 338 251 — 
1868 342 276 — 
1869 483 328 —_ 
1870 421 308 — 
1871 466 238 —_ 
1872 675 446 _— 
1873 732 1151 06:1 
1874 594 1665 ORs) sal 
1875 758 2329 Ose. 
1876 527 1750 O33) 
1877 472 951 05:1 
1878 499 1007 — 
1879 522 671 -— 
1880 910 1390 s= 
1881 1038 2249 — 
1882 729 1525 — 
1883 644 1009 — 
1884 748 1090 —_— 
1885 855 1325 _ 
1886 968 el 727, — 
1887 889 2167 — 
1888 639 1914 — 
1889 605 1686 —_— 
1890 521 1262 — 
1891 609 1361 04:1 
1892 670 1436 04:1 
1893 588 1970 Ord 
1894 511 2359 W1 ah 
1895 342 1634 02:1 
1896 208 1555 Octeent 


Another table (III.) illustrates a similar change in nomenclature in 
Boston (McCollom, vi. 1905). Taking the yearly percentages of 


N. D. ny; 
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deaths from diphtheria and croup to the total mortality we get’ the 
following : 


TABLE IV. 

Diphtheria Croup Diphtheria Croup 
1879 5°285 2°081 1891 2°914 “501 
1880 6°892 2°180 1892 3°684 “596 
1881 6-665 22299 | 1893 4-064 597 
1882 5°091 1:300 1894 7-092 *529 
1883 4-568 1:673 1895 5°190 582 
1884 3°585 1:475 1896 4:435 “481 
1885 3°472 1-299 1897 3684 403 
1886 3°519 1:014 1898 1°562 138 
1887 3:137 933 1899 2°480 "242 
1888 4-609 1:167 1900 4°598 —_ 
1889 5:498 1:160 1901 3'124 _— 
1890 3°938 “599 1902 1:730 319 


Of the 53,647 deaths from diphtheria and croup reported by the 
U.S. Census for the five years 1900-04, 33,739 were from the registra- 
tion states. Dividing these 33,739 into those reported from cities of 
over 8000 inhabitants and those from the rural districts we find: 


Cities over 8000 Rural districts 
Diphtheria 20519 Diphtheria 6728 
Croup 3957 Croup 2535 


That is to say in the cities 162% of these deaths are called croup, 
while in the rural districts the percentage is 27°4. Part of this 
difference is no doubt due to a more accurate diagnosis in the cities, 
aided as it often is by bacteriological examinations. 


The Effect upon Statistics of Bacteriological Examinations in 
Suspected Cases. 


Since Klebs in 1883 demonstrated the existence of a bacillus in 
the false membrane of diphtheria and Loeffler in 1888 isolated and 
cultivated this organism and proved its etiological significance, the 
term “diphtheria” has been limited to exudative or pseudo-membranous 
inflammation characterised by the presence of diphtheria bacilli. With 
the increase in our knowledge, we have learned that a picture very 
similar, clinically and pathologically, to the milder cases of diphtheria 
can be produced by other bacteria, especially by streptococci. It is 
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disputed by many whether the bacteriological diagnosis adds to or 
diminishes the number of cases classed as diphtheria. The more 
severe cases of diphtheria were formerly classed as such and require 
to be regarded in any statistical study. The less severe cases of true 
diphtheria were sometimes classed as diphtheria and sometimes not, 
according to the bias of the physician. As a rule they were not 
reported as diphtheria. On the other hand, however, there are many 
cases presenting well-marked membranes on the tonsils and other 
clinical symptoms of diphtheria, and many exudates complicating scarlet 
fever which were formerly reported as diphtheria, but which bacterio- 
logical diagnosis now proves to be due to other organisms. 

In Breslau it has been found that bacteriological examinations fail 
to confirm the diagnosis in about 10°/ of the cases regarded by the 
physicians as diphtheria, while they show that about 20% of the cases 
reported by the physicians as “not diphtheria” are associated with the 
presence of the diphtheria bacillus. In about 30% of the cases 
examined no definite clinical diagnosis is given (Behring, 1901). 

Judging from our experience in New York we believe that the 
culture test probably results in a slight increase in the number of 
diphtheria cases reported. Mild cases, even if suspected to be diphtheria 
by the attending physician, would otherwise often go unreported. 
Cases thus diagnosed as diphtheria are probably more in number 
than those excluded by the culture test. 

This question is discussed in the Annual Report of the Health 
Department of the City of Boston for 1905, but the authors arrive at a 
different conclusion. 

“Tn previous reports (1902—1903) calculations have been given to 
show by two different methods the probable error of the physician in 
the purely clinical diagnosis of diphtheria. These calculations indicated 
that at least 38% of the cases, reported without bacteriological exami- 
nation as possibly diphtheria, are really not diphtheria. In Boston, 
from 70% to 807% of the total reported cases receive bacteriological 
confirmation. It seems clear that by means of cultures, in Boston, 
less cases remain under the designation of diphtheria than if these 
cases were judged solely on clinical evidence.” 

While this may be true we believe that the proof afforded by 
cultures that many slight exudates are truly diphtheria has caused 
more cases to be officially reported than formerly, and has thus caused 
a greater proportion of all cases to be included in statistics than in 
pre-culture times. 


37—2 
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The Proportion of Diphtheria Cases sent to Hospitals. 


In using hospital statistics for studying diphtheria mortalities it is 
important to know what proportion of all cases occurring in the district 
are sent to the hospitals, and what, in general, is the character of these 
cases. In many cities, owing to an increase in hospital accommodation, 
to more efficient inspection at the homes, or to other reasons, more 
cases are sent to the hospitals than in former years. Thus in Berlin 
between 1884 and 1887 only 26—80 ¥ of the total number of cases of 
diphtheria were sent to hospitals. In 1897 there were 57 ‘/,in 1898, 
60%, and in 1899, 63 / so treated (Gottstein, 1901, p. 605). On the 
other hand in New York up to the past year there has been no increase 
of hospital facilities beyond the increase of population, and there has 
been no appreciable change in the percentage of cases treated in the 
hospitals. 

In making use of hospital statistics it is also necessary to be familiar 
with the character of the service, 2.e. the kind of cases which ordinarily 
come there for treatment. Thus in some European hospitals cases 
needing tracheotomy are treated in the surgical division, and are not 
included in statistics published by the medical division. The mortalities 
in the two divisions therefore differ enormously, and the statistics 
cannot be compared with those from hospitals in which this division 
is not made. These differences are well shown by Table VIII. (p. 587) 
compiled by Glaser (1896) from the records of the Hamburger Allge- 
meinen Krankenhaus, 1872—1891. 


The Influence of the Day of Admission on the Prognosis of 
Hospital Cases. 


This subject is of importance because of its bearing on antitoxin 
statistics. 

There is no doubt that in general the earlier a patient suffering 
from diphtheria receives suitable care and surroundings, as in a hospital, 
the better his chance of recovery, irrespective of any specific method of 
treatment. This fact, which was made use of by those who denied the 
efficacy of serum treatment, is clearly demonstrated in the following 
table, published by Glaser (1896) showing the mortality amongst 
619 children treated in a hospital without antitoxin. 

Here we see that the increase in mortality is quite distinct though 
somewhat irregular. It is merely necessary, however, to compare these 
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percentages with similarly arranged statistics of cases treated with 
antitoxin to see at once the great value of early specific treatment 


(see Table XI., p. 593). 


Date of admission Mortality 
2nd day of the disease URSA is 
3rd - nA 24 Fo 
4th ” ”? 38 *lo 
5th ' o 30 °/, 
6th AD Ag 21°}, 
7th 35 oa 41 J, 


Bing and v. Ellerman (1904, p. 398) have critically studied a large 
number of cases in order to ascertain the reason of the greater mortality 
amongst cases received after the 2nd day. They cite Heubner who 
had caused the prognosis to be written opposite each history on the 
admission of the patient. The results showed that the patients 
admitted later were more apt to die, mainly because they were 
admitted in worse condition than the others. Heubner’s results may 
be tabulated as follows: 


Percentage of cases with 


Admission on unfavourable prognosis 
Ist day 6 
2nd ,, 8 
ordi, : 14 
4th ,, 17 
5th ,, 22 
6th or 7th days 53 
8th and later 69 


Bing and v. Ellerman then give their own report on 1356 cases of 
diphtheria treated in the pre-antitoxin days (1889—1894) in the 
Blegdams hospital in Copenhagen. 


TABLE V. 
Day of admission No. admitted No. of deaths Percentage mortality 
1 113 38 34 
2 494 110 22 
3 350 95 27 
4 177 68 38 
5 125 53 42 
6 54 22 41 
7 23 13 57 
8 and later 20 . 12 60 
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They analyse their figures as follows : 

“If the mortality is calculated for periods of 48 hours instead of 
24 hours the irregularities disappear and one obtains the series 24, 31, 
42,58 °/. At first sight one would be inclined to agree with Glaser, 
and others, especially when one remembers that in the last 10 years 
the mortality of diphtheria has been decreased only from 12°/ to 4/ 
and that this decrease includes not only the effect of treatment but 
also any possible spontaneous decrease in virulence which the disease 
has undergone. If our curve of the pre-antitoxin day is compared with 
that of Jellineck from the serum period, or with that of Faber (1904), 
it is noticeable that the rise of the curve is more rapid in the 
serum period. Furthermore in the serum period one does not see 
the relatively high mortality on the first day of admission which we 
found.” 


The Effect of Heat and Cold on the Prevalence of Diphtheria. 


If we glance for a moment at the seasonal and climatic distribution 
of diphtheria we find that although the disease has prevailed under all 
circumstances of climate, in the highest as well as in the lowest 
latitudes, along the coast as well as in the interior, it is particularly 
in the temperate and colder zones that it effects its greatest ravages. 
Even allowing for the defective data from equatorial and subtropical 
countries, we find that in these regions the disease is quite rare. 

Hirsch (1886) gives the following data regarding the influence of 
season and weather, which show that even in temperate climates, where 
diphtheria is prevalent in cold weather, it is greatly lessened with the 
approach of summer. 


TABLE VI. 
Beason 
Country or city Period ey an.—Mar. Apr.—J une ~ July—Sept. ~ Oct.—Dee. > 
Sweden 1861-70 31:0 20°9 19:0 29-1 
Berlin 1876-83 24-2 21°4 22-1 32°3 
Saxony 1873-78 28:7 17°6 ied 36-0 
Hamburg 1873-82 23°9 24:2 21:7 30:2 
Gottingen 1878-82 33°5 22°4 19°5 24°5 
Schleswig-Holstein 1872-81 29-6 20-0 22-0 28-4 
St Petersburg 1878-82 24°7 23:1 20°9 32°3 
Frankfurt 1863-83 27°3 24°7 19-6 28°4 
Vienna 1863-83 31:3 23°5 15°7 29°5 


Philadelphia 1868-75 24:0 21°4 18°5 371 
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These three-month periods, while they do show that diphtheria is least 
prevalent in the summer period, do not reflect the influence of weather 
as well as the Census reports giving the monthly mortality, or the 
preceding chart arranged by weeks based on the New York returns. 

The U.S. Census (Special Reports of the Census Office, Mortality 
1900—1904) gives the seasonal distribution of diphtheria and croup, 
based on 53,647 deaths from diphtheria and croup reported both from 
the registration and non-registration states during 1900—1904, The 
figures are per 1000. 


January ils ya July 53°6 
February 92°2 August 53°2 
March 83:1 September 67°8 
April 757 October 99°8 
May 70°8 November 112-9 
June 65:3 December 113°5 


The chart on p. 583 shows the deaths per 100,000 in New York 
(old city) during 1903—1905. Since it is impossible to accurately reflect 
the meteorological conditions we have plotted on this curve the deaths 
from pneumonia and bronchitis as well as those from scarlet fever. The 
pneumonia curve ought to be a fair measure of the effect of weather 
in producing colds or other diseased conditions of the respiratory tract. 
Any cold wet weather with slush in the streets is almost certain to 
be followed by an increase in the number of patients suffering from 
inflammatory conditions of the respiratory tract and from diphtheria, 

The chart shows that diphtheria is at its ebb point during the 
middle of summer and gradually increases from about the beginning 
of October. In this rise it follows rather closely the curve of 
pneumonia and bronchitis which, so far as we can tell, are due to 
the effect of the weather. Although the pneumonia-bronchitis curve 
begins to fall about the first week in May, the curve of diphtheria 
continues at the same level for about a month longer. This is probably 
due to the fact that the diphtheria bacillus can more easily excite 
diphtheria, without any aid from atmospheric conditions, than the 
pheumococcus can cause pneumonia. 

In the case of scarlet fever, Seibert of New York has published 
charts showing that the prevalence of the disease coincides very closely 
with the sessions of the school. In many years, however, this influence 
is not so noticeable and, although it is always an important factor, it 
exerts less effect than the season with its double influence of warmth 
and outdoor life. How far this holds for diphtheria can be seen from 
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our chart, which also has plotted on it the curve for scarlet fever. 
While the study of individual cases proves that the spread of diphtheria 
is aided by school attendance, the curve for large cities proves that here 
also the weather is an even more important factor. Besides the direct 
effect of warmth there is the additional effect of ventilation, for in 
warm weather windows are always open and during the day outdoor life 
is the rule. 


The Influence of Altitude and Soil on the Prevalence of Diphtheria. 


The assumption that conditions of the soil have much influence 
on the development of diphtheria, or on its epidemic diffusion, is one 
that seems to have no warrant. Hirsch (1886) states that the disease 
has been as prevalent in elevated as in low-lying places, in mountain 
regions as on the level ground, on plains as in valleys, on dry as on wet 
soil, and on porous as on hard rock, and in fact has been equally 
distributed on the most various geological formations. Nowhere has the 
independence of the disease on such conditions been more preeminently 
marked than in England, where the disease on its introduction 
became quickly and extensively diffused. The observations of Semple, 
Sanderson, Bottomly and others are thus summed up and endorsed by 
Ernst Hart (1859). 

“Was a connection traced between the localities and its invasions 
and the marshy ill-drained character of the land, the next season it 
was found to ravage dry and elevated stations with equal rage. 
Brighton has not escaped, Scarborough has suffered, it has swept across 
the marshy lowlands of Essex and the bleak moors of Yorkshire that 
are swept by the sea breezes; it has seated itself on the banks of the 
Thames, scaled the romantic heights of North Wales, and has descended 
into the Cornish Mines.” 

The same view has been taken by later authorities in England such 
as Fosbroke, who says “ geological position has little, if any, connection 
with the disease,” and the experiences of France, Germany, Holland, 
Italy, and the United States have been similar. 


The Influence of Race. 


Whether some races are specially predisposed to take diphtheria, 
while others enjoy a pronounced immunity from it, cannot be decided 


586 Mortality 


with certainty because we possess but scanty information relating to 
epidemics in localities where the population is mixed. 


The Influence of Rainfall. 


Newsholme (1898) in an exhaustive study of the effects of increased 
or decreased rainfall has come to the surprising conclusion that diph- 
theria only becomes epidemic in years in which rainfall is deficient, and 
that the largest epidemics occur when three or more years of deficient 
rainfall follow each other. Our study of his charts does not convince us 
that he has shown this to be a fact. Some of the places cited could not 
have been so influenced, for example Manhattan Island with its rocky 
formation where the amount of rainfall would exert little effect on the 
ground water, one of his supposed factors. In cold weather dampness 
predisposes to respiratory troubles and so to diphtheria, especially of 
the laryngeal type. 


The Influence of Occupation. 


Diphtheria being especially a disease of childhood is not greatly 
influenced by occupation. Crowding and lack of ventilation predispose 
to it. 


Tue MORTALITY AND PREVALENCE OF DIPHTHERIA AT 
DIFFERENT AGES. 


Diphtheria is essentially a children’s disease, a fact emphasised by 
all writers. This does not mean that only children are attacked, for the 
disease is certainly not rare among adults. 

During the first few months of life there is only a slight disposition 
towards the disease. Towards the end of the first year, however, this 
disposition grows rapidly, increasing still more rapidly during the 
second year, so that from that age until about the close of the fifth 
year the liability to the disease is at its height. Subsequently the dis- 
position drops, at first slowly, then more rapidly, so that from about 
the 14th to the 15th year the disposition is again very slight. 

The following figures show the age incidence of 2711 cases admitted 
to Baginsky’s (1898) children’s hospital in Berlin between 1890 and 
1897. 
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TABLE VII. 
No. of Percentage of No. of Death rate per Death rate at 
Age cases total cases deaths 100 admitted each age period 
0—6 months 15 0°55 °/, 4 0°15 26°6 
6 mths.—l year 69 2°50 36 1:32 52:2 
1—2 years 227 8°30 110 4:05 48-4 
2—3 317 11-60 119 4°30 37°5 
3—4 354 13:05 121 4°40 34°2 
4—5 337 12°40 84 3°09 24:9 
5—6 264 9-70 61 2°20 23°1 
6—7 280 10°30 61 2:20 21°8 
7--8 209 7°70 26 0:95 12°4 
8—9 175 6°40 23 0:84 13-1 
9—10 146 5°30 19 0:70 13:0 
10—11 101 3°70 9 0°33 8°9 
11—12 80 2°90 8 0°29 10:0 
12—13 65 2°02 7 0°25 10:8 
13—14 72 2°60 6 0°22 83 
2711 694 25°6 %/, Av. 


These figures, being from a children’s hospital, do not reflect the age 
distribution as well as those from a hospital treating adults also, such 
as the following for 4127 cases, compiled by Glaser (1896) from the 
Hamburg Allgemeinen Krankenhaus 1872-91. 


TABLE VIII. 


Surgical Division 
; almost exclusively 
Medical Division tracheotomies Entire Hospital Proportion of each 


= SSS A$$ -—_—__*——_—_., age group admitted 
Mor- Mor- Mor- to total admissions 

Age Cured Died tality%/) Cured Died tality/) Cured Died tality) (4127) per cent. 
Underlyear 5 17 77 3 34 oT 8 51 86 1-4 
1—2 38 68 64 34 179 84 72 247 17 75 
2 50 53 51 68 152 69 118 205 63 76 
3 80 80 50 86126 ~=185 59 206 265 56 11:2 
4 108 76 41 127 138 52 235 214 47 bey) 

Total under 5, 38°7 °/, 
5 89 45 33 90 84 48 Wye) APs 41 76 
6 113 47 29 47 64 57 160 119 40 6°7 
7 119 43 26°5 37 44 54 156 87 35 6:0 
8 86 31 26°4 13 19 59 99 50 33 3°4 
3 66 7 20°4 =7 6 46 73 23 23 2:2 
10 78 20 20:4 7 9 56 85 29 25 2°6 
Between 5 and 10, 28°5 °/, 
10—12 125 3 23 2 3 60 127 6 4°5 3°0 
12—15 144 5 33038 3) 75 147 14 8°6 3°5 
15—20 478 13 2°6 — — 11°5 
20—30 450 6 13 — — — — — — Est 
30—40 64 2 30 — — = — — —— 1°6 
2 


40—50 14 Oys \o pee ee Die genet As 
50—60 a 
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The U.S. Census (Special Report 1900-04) gives the age distribu- 
tion of deaths from diphtheria and croup in a very large number of 


Cases. 


Sex 
Male 
Female 


Age 
Under 1 year 
1 year 
2 years 
3 ”? 

4 


Under 5 years 


99 


5—9 years 
10—14,, 

15 years and over 
Unknown 


Total 


Number 
3736 
8001 
7990 
7207 
5989 


32923 


14818 
3191 
2628 

87 


53647 


27299 
26348 


53647 


Percentage 
7 
15 
144 
134 
11 
61 
27 
6 
5 


Incidentally this table shows that the conditions of life in a large 


crowded city like New York are especially hard on children under 
5 years of age, for in New York over 80 °/ of the diphtheria and croup 
deaths occurred in children under 5, while in the above table only 61 Vs 
of these deaths occurred in that age period. 


The following table shows the age distribution of the fatal cases in 


New York City for 10 years. 


TABLE IX. Deaths from diphtheria during 1891-1900 in the city 
of New York. Age Distribution. 


Age Female 
Under 1 year 745 
Between 1 and 2 years 1998 

Pea Sy and. aes 1872 

Xe 3and4 ,, 1412 

i 4and5 ,, 960 
Total under 5 6987 
Between 5 and 10 years 1681 

yreLOLAN GEL Omer 131 

5 15and 20 ,, 31 

yy WAU RAR) 36 

ye 2) anol oom.. 49 

me od ande4b = =, 19 

; 45and55 ,, 13 

si) op and 65" 5, 9 

een Gos amet. 4 

» ~’&and85 ,, 0 
85 or over ; 1 


Total 


Male Total Percentage of total 
920 1665 9-2 
2265 4263 23°6 
1945 3817 21:2 
1488 2900 16'1 
948 1908 10°6 
7566 14553 80°6 
1371 3052 17:0 
110 241 1:3 
29 60 
22 58 
46 95 
22 41 
16 29 1:4 
a 16 
4 8 
—_— 1 
18003 
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According to the Registrar General’s Report (Lancet, 1878) the age 
distribution amongst nearly 70,000 cases in England was as follows : 


Under 1 year CBN RI 
From 1—5 years 45:0 

» 5—10 ,, 26°0 

3s L015, 9-0 

» 15—25 ,, 5:0 

» 25—45 ,, 3°5 
45 years and over 2°5 


The youngest case of which we can find any record is that of a child 
9 days old, reported by Jacobi. Forest (1905) has recently reported 
three cases in young infants 19 days, 3 weeks, and 11 weeks old 
respectively. We have met with two severe pharyngeal cases at an 
early age, 17 and 21 days respectively. 

Sex seems to play no part in this disease, boys and girls being 
attacked in about equal numbers. Of the 2711 (p. 587) cases pre- 
viously mentioned, 1311 were boys and 1400 girls. The mortality 
among the former was 27:9 /, among the latter 23:2 7/. 


INFECTIVITY AND VIRULENCE. 


There is considerable variation in the mortality at different times 
and in different places. This fact is particularly important in con- 
sidering the influence of antitoxin on this disease. 

First of all it is necessary to appreciate clearly that poison produc- 
tion and infectivity are two entirely independent properties. Thus a 
marked capacity for producing a severe attack of a disease may be 
associated with a very low degree of infectivity, while the presence of 
great power of infectivity in an organism or mixture of associated 
organisms does not imply that the average type of disease produced will 
be necessarily severe. 

J. Eréss (1904, p. 598) finds in studying the statistics from a large 
number of Hungarian cities that the case mortality in diphtheria is 
greatest at the height of the epidemic, and that as soon as the disease 
loses its epidemic character, the case mortality drops to a low level. 
Newsholme (1898) proves that this is not always the case, and gives 
a number of interesting tables, which show the reverse behaviour. 
Brownlee (1905) in an excellent paper on this subject states that in 
England the disease is as a rule most fatal in towns where it is least 
prevalent. We think that in some instances this is due to the fact that 
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in years when the disease is not epidemic the proportion of laryngeal 
cases is greater than usual. 


THE CHARACTERISTICS OF EPIDEMICS. 


Statistical studies in order to be of value must embrace a sufficient 
period of years and a sufficiently large number of cases. This is 
particularly true of diphtheria, a disease which recurs in epidemic 
cycles of varying length, and is well shown by the following curve, 
which is perhaps as accurate as any which can be found. 
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This chart requires further explanation. For the period from 
1853-55 the deaths are all those given in Table L., p. 575, while from 
1866 the figures include all the deaths due to diphtheria and croup. 
During the early part of these years the deaths are undoubtedly under- 
stated, for we know that only from two-thirds to three-quarters of all 
deaths were really reported. For the past fifty-five years, however, the 
figures are probably very near the actual conditions. 

In the case of this city, then, we see that there are irregular 
epidemic recurrences at intervals varying from about five to ten years. 
The importance of bearing in mind these cyclical recurrences will be 
discussed in connection with antitoxin treatment (p. 599). 


THE RESULTS OF ANTITOXIN TREATMENT. 
Comparison of Case Mortalites. 


Diphtheria antitoxin was introduced more than ten years ago, 
consequently sufficient time has elapsed to enable us to study the effect 
this treatment has had on the mortality from diphtheria. 

An examination of the literature shows that such studies have been 
made a number of times, and that many of them are exceedingly 
valuable. Nevertheless objections have been made, particularly by 
opponents of the serum treatment, that such statistics are open to 
grave sources of error, and that the apparent improvement is only 
temporary. Instead of this contention receiving support as the anti- 
toxin treatment extends over a longer period and becomes more general, 
we find that in spite of temporary fluctuations the trend is always 
toward a lower mortality. 

In the early period of antitoxin administration (in 1896) the 
American Pediatric Society collected reports on 5794 cases of diph- 
theria treated with antitoxin. These showed an average mortality 
of 12:37. 

Guerard (1896) collected reports of 9893 cases treated with the 
serum, with an average mortality of 183%. Of these cases, 7277 were 
treated in 53 hospitals, and in them the mortality was 207%. The 
average mortality in the same hospitals had previously been 44:3 7. 

Ernst reported on 1156 cases treated by the serum in the City of 
Boston, amongst whom 165 deaths occurred giving a mortality of 
14:2°%. McCollom’s (1905) report on the diphtheria wards of the 
Boston City Hospital shows even better results. Amongst 844 cases 
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treated by the serum there were 96 deaths, a mortality of 11//. The 
previous mortality in the same institution without serum was 40 mo 

Siegert (1900) tabulated the results of the cases treated in 23 
hospitals for children in Europe from 1890 to 1898 inclusive. Omitting 
1894, the transition year, his figures are as follows: 


Period Cases treated Deaths Mortality 
Before serum 1890-1893 16585 6889 41°3 
After serum 1895-1898 20181 3309 16°4 


The following table from the Annual Report of the Metropolitan 
Asylums Board 1904 shows a marked reduction in the mortality from 
diphtheria since 1889. 


TABLE X. Cases treated in the Hospitals of the Metropolitan 
Asylums Board, London. 


Total cases Number of Percentage 
admitted deaths mortality 
1889 722 275 40°7 
1890 942 316 33°5 
1891 1312 397 30°6 
1892 2009 583 29:3 
1893 2848 865 30°4 
1894 3666 1035 29:3 Antitoxin first used in 
1895 3635 820 22:8 the autumn. 
1896 4508 948 21-2 
1897 5673 987 17°6 
1898 6566 991 15:3 
1899 8676 1182 13°9 
1900 7873 988 13:2 
1901 7622 849 Ped 
1902 6520 739 11:0 
1903 5072 504 eT, 
1904 4687 469 10:0 


Reuter in 1901 published statistics from the Eppendorf Hospital 
in Hamburg. His curve from 1890 to 1900 shows a marked drop 
after the introduction of serum treatment. Cohn in 1904 published 
excellent statistics on 1000 cases from the Moabit Hospital in Berlin. 
They were all antitoxin cases, and the mortality was 13:6°/. Only 
those cases which proved to be diphtheria clinically and_bacterio- 
logically are included. Zucker’s figures published in 1905 are reproduced 
later in the form of a curve (p. 595). The difference between the 
patients receiving and not receiving antitoxin is very striking. In the 
Statistische Monatsschrift 1902 (quoted by Eréss, 1904, p. 593) we find 
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that in Austria during 1896-1899, 14°5 to 16:1 / of the patients treated 
with serum died, while 36°4 to 39°38 of those not treated died, ze. 
24 times as many. 

Bokay (1904) says that in 1891 amongst 2952 cases of diphtheria in 
Buda-Pesth 914 died (32°5 7%), while in the year 1903 out of 2293 cases 
only 309 died (13°5 /). He says by merely placing these two years side 
by side there is enough statistical material to show the great value 
of serum treatment. 

The above figures exemplify the “case-mortality method.” This 
method is open to several objections, the chief amongst them being the 
fact that the average severity of the cases admitted to the hospitals 
may have differed in the two periods. This is undoubtedly true to 
some extent, as for instance in Boston, where a new and better hospital 
has been built and a larger percentage of cases seek admission. 


The Influence of the Time of Administration on the Value of 
the Antitoxin Treatment. 


In view of the scepticism of many as to the value of statistics based 
on the case mortalities before and since the introduction of antitoxin, 
a number of observers have sought to show the value of serum treat- 
ment by tabulating the days on which such treatment was begun and 
the corresponding mortality. Two examples of this will suffice. Faber 
(1904) tabulated the results in 3167 cases of diphtheria treated in the 
Blegdams Hospital, Copenhagen. He excludes cases complicated with 
scarlet fever, whooping cough and other diseases unless the patients 
were convalescent from them. 


TABLE XI. 
Calculated No. of Difference 
deaths according between 
Commencement to the entire actual and 
of serum No. of No. of Percentage mortality of calculated 
treatment patients deaths mortality the group (11°5°/o) mortality 
Ist day 99 7 (al 11 —4 
2nd ,, 641 48 75 74 — 26 
Brae 763 69° 9:0 88 -19 
4th ,, 555 63 11°4 64 —1 
Diliees 334 52 15°6 38 +14 
6th ,, 171 29 17:0 20 +9 
iths;, 80 17 21°3 9 +8 
Later than 7th 196 39 19°9 23 +16 
Unknown 298 35 — = — 
Total 3137 359 Average 11°5 


N. D. 38 
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Cohn (1904) gives the following figures for 1000 cases of diphtheria 
treated in the Moabit Hospital, Berlin : 


Percentage 

Cases Deaths mortality 
Treatment begun on Ist day 78 1 = 1:3 
ys a i.  Vaah 361 40 = nla oil 
Bs noord. 284 30 = 10°5 
oF Fi 7 e4thie, 101 25 = 24-7 
Later or undetermined 176 40 = 22°7 


Similar statistics have been published by Heubner, Aaser, Frank, 
and Jellineck. The mortality increased from 4 or 5// on the first day 
to 20% or more when the serum was administered later in the disease. 

This method is open to at least one objection. The children brought 
to the hospital on the first few days of the disease are on the whole in 
better condition than those brought later. Many of the latter class are 
brought to the hospital as a last resort, or because operative interference 
is needed. If the non-antitoxin statistics previously quoted (p. 580) 
are compared with these it is evident that the actual mortality of the 
antitoxin cases admitted during the first two days is much smaller than 
of the patients to whom antitoxin is not given. 


Regarding a possible Decline in the Virulence of the Disease in 
Recent Times. 


It has been urged, especially by opponents of serum therapy, that 
apart from the use of diphtheria antitoxin the disease itself is becoming 
milder. Careful study of the subject fails to bear out this contention, 
for among those who do not receive antitoxin the mortality at the 
present day is still as high as ever. This question has recently been 
studied, especially by Zucker (1905), who found among the rural 
population in his province abundant statistics on cases not treated with 
antitoxin. Thus in Steiermark at the highest estimate only two-thirds 
of the cases received antitoxin. The total number of cases which did not 
receive antitoxin (since the introduction of the serum treatment) was 
12,000. His chart which is here reproduced shows very well the 
difference in mortality between those cases receiving antitoxin and 
those not receiving it. 

Zucker (1905) gives analogous figures for non-antitoxin cases from 
the statistics of Graz. In these the case mortality was 21°7 / in the 
quinquennium 1894-98 and 22°6/ in the quinquennium 1899-1903. 
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Diphtheria case mortality in Steermark, 1896—1904 (after Zucker). 
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The effect of the antitoxin treatment is also well brought out by 
Cobbett and Graham-Smith’s (1901) observations on the outbreak of 
diphtheria in Colchester during 1901. During this year 286 cases of 
diphtheria were notified, and of these 200 were treated in the Infectious 
Diseases Hospital. “Prior to July 16 antitoxin was not given as a 
routine treatment on the admission of the patient to the hospital, 
but appears to have been administered to a few serious cases only, 
and to some others who developed alarming symptoms later. During 
this period reliance was placed on antiseptic sprays to destroy the 
bacilli in the throat. After July 16, antitoxin was administered in 
accordance with a resolution of the Sanitary Committee to every case, 
as soon as possible after admission, unless this had been previously 
done, and no efforts were made to destroy the bacilli in the throat. 

During the first of these periods 89 patients were treated in the 
hospital and 21 deaths occurred. The case mortality was accordingly 
23°6 per cent. 

During the second period 113 cases were treated, and eight deaths 
occurred. The case mortality was therefore 7°8 per cent. 

But of the 89 patients treated during the first period 15 were 
known to have had antitoxin administered before admission; and 
among these there were no deaths. Moreover, during the second 
period, two patients were treated without antitoxin by their private 

38—2 


Mortality 


596 


“AT[VPBJ poyVuUruiss} TOYA vireyyydrq jo osvo peytjou vB syueseidor He | 


‘[eqidsoy ay} OJUL poonposryur urxO}yUYV JO asn oryvuteysds ‘TOT 


Ayue 


“BLLOUIYdI JO osvo peyyou vB syueseider W\ 


Z| || G YA 


Wy, YOO 
WA. j 


jj 
l 


Teyidso pug : 


‘LOGIT Gutunp swaysayoj09 yw niwayrydyg wouf buuwafins sjuaeyng fo 


9 1YdV 


suoynoyyou hyyaa 4 


W. H. Park anp C. BoLDUAN 597 


medical attendants, and one of them died. Therefore, if we wish to 
compare the mortality among the patients treated at the hospital on 
the system which prevailed during the first period with that among the 
patients treated before or immediately after admission with antitoxin 
we must make a correction for these persons. When this has been done 
we find that the mortality was 28°9 and 5:6 per cent respectively. 

The fall in the case mortality from 23°6 to 7°8 which occurred in the 
hospital on the introduction of the systematic use of antitoxin, or if we 
prefer to take the corrected figures, from 28-9 to 5°6 per cent., affords a 
striking example, if any were needed, of the value of this remedy. 

The fall in the case mortality at the hospital has been ascribed to 
a gradual diminution in the severity of the disease. The weekly 
admissions and deaths from diphtheria in the hospital, however, show 
that the change in the mortality was abrupt, and that the introduction 
of the new treatment was followed by a succession of sixty cases 
without a single death. 

But the most convincing evidence that the fall in the case mortality 
of patients treated in the hospital was due to the use of antitoxin, and 
not to a decline in the severity of the disease, is shown by the 
concurrent mortality of patients treated in their own homes; for upon 
the case mortality of these patients the resolution could have had little 
or no influence. 

Amongst these latter the case mortality was 10°8 per cent. before 
the regular use of antitoxin was commenced (37 cases) and 13°3 per 
cent. after (46 cases). It is quite evident then that the severity of the 
disease did not decline, and it may fairly be concluded that the resolu- 
tion of the Sanitary Committee resulted in the saving of a considerable 
number of lives.” 


OPERATIVE CASES. 


A comparison of the mortality in the operative cases is of particular 
interest, since these are always suffering from a severe type of 
diphtheria. 

The following figures are compiled from Lovett and Munro (1887), 
and McCollom’s (1905) papers and from the New York official records. 
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TABLE XII. 

Operative Cases Treated without antitoxin 
Total Percentage 
cases Died mortality 

German Authors oy pe ve 5795 3944 69 
46 Hospitals a bee ms 3063 2124 70 
British Authors ae ee ep 433 295 69 
French Authors x, ue 9242 6834 76 
American Authors—Private Benatiod a, 5625 3848 68 
Various Countries + oe a 1993 1336 68 
Boston City Hospital (23 years)... of — — 71 
Treated with antitoxin 
Welch (1894)—European Hospitals Pe 342 112 29°8 
Amer. Pediatric Soc. Report—Private een. 533 138 25°9 
McCollom—Hospital Cases—Boston Ae 1553 683 44:0 
New York Health Dept. as below ... sa 1660 723 43°5 
Tenement Service, 1895-7 144 cases, 56 deaths 
5 1902-4 BBY 4 © GL ge 
Diphtheria Hospital, 1901-5 1341 ,, 614 ,, 


Outside Physicians, 1895-6 49 yy me 


Roux gives the mortality in operative cases as 46°/, as compared to 76 °/) in 
pre-antitoxin times. With Ganghofner (1899) it is 13°6 as compared to 59°8—78 9/,. 
According to the Hungarian Health Authorities it is 32°3°/, as compared to 50—70 °/, 
formerly. Cohn (1904) reports 67 deaths out of 259 cases operated on for laryngeal 
stenosis = 25°9 °/, mortality. Formerly the mortality was over 70 °/. 


But not only are the results in operative cases much more favourable 
since the introduction of antitoxin, but it has also been noted by 
most authors that fewer laryngeal cases need to be operated on than 
formerly. 


STATISTICS ON ALTERNATE CASES. 


An ideal method of obtaining statistics was one made use of by 
Fibinger (cited by Faber, 1904). During one period alternate cases 
were treated with and without antitoxin. 

Amongst 238 cases treated with antitoxin 8 died (mortality 3 7). 

Amongst 245 cases treated without antitoxin 30 died (mortality 
127). 

This method, however, for obvious reasons cannot now be made use 
of. We once made a similar test at the Willard Parker Hospital, 
but the difference in the behaviour of the cases was so greatly in favour 
of those treated with antitoxin that the test was stopped and all cases 
put on antitoxin. 
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THE ABSOLUTE MORTALITIES DURING A LONG SERIES OF YEARS IN 
LARGE CITIES AS AN INDEX OF THE VALUE OF ANTITOXIN 
TREATMENT. 


Of all methods at present available perhaps the least open to error 
is a comparison of the absolute number of deaths per 100,000 before 
and after the introduction of antitoxin. | 

Such statistics were published by Bayeux (1899, cited by Miiller 
1902) and by Erich Miiller (1902). The former's statistics, beginning 
in 1888 and ending in 1897, dealt with French cities having a 
population of over 20,000 inhabitants. The aggregate population per 
year was over eight millions, and the mortality during the three anti- 
toxin years was only about one-third the mortality of the former period. 

Miiller’s figures were obtained from German cities having over 
40,000 inhabitants; the population amounting to 84 million people in 
1889 and over 12 millions in 1900. His results are summarised in the 
following table. 

Pre-antitoxin period Antitoxin period 
Year:—1889 1890 1891 1892 1893 1894 | 1895 1896 1897 1898 1899 1900 
Beate per million 798102 81. 98 118 96 | 61 39° 32 30° 28 25 


inhabitants 
Average 100 Average 34 


To be of value statistics of this kind must cover a long period of 
years. While this, of course, is true for all kinds of statistics it is 
particularly important in diphtheria in which mortality figures move 
up and down in irregular waves. These irregularities, however, only 
become apparent when a considerable number of years is taken into 
account. For example, in the six years ending 1882 the average of 
deaths per 100,000 from diphtheria and croup was always above 140 
in Baltimore, and reached 200 or over in three of these years. In the 
seven years following the mortality fell sharply and continuously until 
it reached its lowest point in 1889, when it was 52 per 100,000, and 
yet no difference in treatment occurred in 1882. 

Care must therefore be taken to secure readings which do not 
merely constitute part of an epidemic, unless due allowance be made 
for this fact. In order to distinguish epidemics it is necessary to know 
the average number of deaths for many years. Lack of this knowledge 
was the weak point in a number of earlier statistical studies and was 
made use of by the opponents of serum therapy (de Maurans, Kassowitz). 
The former investigator, for example, published the statistics of numerous 
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cities in which the drop in mortality had either already begun prior to 
the use of antitoxin, or in which since that period the mortality had 
actually increased. It will suffice here to say that, while this was 
undoubtedly true, the aggregate number of deaths in the pre-antitoxin 
years, in all the cities cited by de Maurans, was much greater than in 
the antitoxin years, and as Dessaux pointed out, in the pre-antitoxin 
years the minimum annual number of deaths in de Maurans’ cities 
was 7858, while the maximum number in the antitoxin years was 6598. 
Further, statistics of this kind ought to be taken mainly from the 
Jarge cities, for reports of deaths are usually indifferently kept in the 
rural districts. Thus in some States the cause of death used often 
to be certified to the health authorities by the town supervisor, so 
that “sore inside,” “chronic,” and “running sores” were occasionally 
given as causes of death. 

In compiling the following statistics therefore we have only taken 
cities having over 125,000 inhabitants, and in which the registration 
of deaths has long been efficient. Apart from these two points the 
cities were taken at random, some from the United States, some from 
Great Britain, and the remainder from the continent of Europe. The 
figures are in all cases from the official records, and are the combined 
“diphtheria” and “croup” figures. In order to overcome the fluctua- 
tions commonly seen in diphtheria mortalities we have gone back to 
1878, v.e. 15 years prior to the introduction of antitoxin, and have 
carried our figures up to the 3lst of December, 1905, ze. 10 years 
after the use of antitoxin. We believe that the evidence thus obtained 
of the great value of diphtheria antitoxin is overwhelming, especially 
when added to the French and German statistics already referred to. 
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TABLE XIII. New York City (Present Boroughs, Manhattan and Bronz). 


Deaths from Deaths Deaths from Deaths 
5 diphtheria per diphtheria per 

Year Population and croup 100,000 Year Population andcroup 100,000 
1851 538490 636 118 1879 1209268 1193 101 
1852 560607 641 114 1880 1174621 2300 190 
1853 583632 673 115 1881 1244511 3287 264 
1854 607603 772 127 1882 1280857 2254 184 
1855 632559 804 127 1883 1318264 1653 125 
1856 664980 682 102 1884 1356764 1838 136 
1857 699062 622 90 1885 1396388 2180 158 
1858 734892 644 87 1886 1437170 2695 188 
1859 772558 894 116 1887 1479143 3056 206 
1860 812154 1211 140 1888 1522341 2553 167 
1861 794905 1072 135 1889 1566801 2291 146 
1862 778023 1383 179 1890 1612559 1783 110 
1863 761500 2041 268 1891 1659654 1970 118 
1864 745327 1603 215 1892 1708124 2105 123 
1865 729498 1016 140 1893 1758010 2558 145 
1866 767979 803 104 1894 1809353 2870 158 
1867 808489 585 72 1895 1873201 1976 105 
1868 851137 616 72 1896 1906139 1763 91 
1869 896034 813 90 1897 1940553 1590 81 
1870 943300 729 77 1898 1976572 923 46 
1871 955921 704 73 1899 2014330 1085 53 
1872 968710 1121 116 1900 2055714 1276 62 
1873 9381676 1883 192 1901 2118209 1227 58 
1874 1030607 2259 219 1902 2182826 1142 53 
1875 1044396 3087 295 1903 2249680 1270 56 
1876 1075532 2277 211 1904 2318831 1270 57 
1877 1107597 1422 128 1905 2390382 860 38 
1878 1140617 1506 132 


The Antitoxin Laboratory established in the autumn of 1904. Free distribution to the 
poor begun early in 1895. 

The deaths classed in this table as due to diphtheria are only approximately correct. 
They include all the deaths during the period 1851—1865, which were returned under 
any of the following heads, Angina, Croup, Diphtheria, Inflammation of throat, In- 
flammation of tonsils, Quinsy, Sprue, Ulceration of throat. It is estimated that prior 
to 1851 not more than two-thirds of the deaths were registered. Since then conditions 
have gradually improved. It must also be remembered that scarlet fever and diphtheria 
were often confounded in these earlier days. 
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These figures are much more striking if arranged in the form of a 
curve as follows: 
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Deaths from Diphtheria and Croup per 100,000 in the 19 large cities quoted, 1878—1905. 


We see from these figures that although there were marked 
fluctuations in the absolute mortality per 100,000 in the pre-antitoxin 
years, in no period did all of the cities show a decrease. Thus in 1884 
about half of the cities show a decline and the other half an increase in 
mortality; the same is true for 1888. Not until we come to the 
critical year, 1894, do we find almost all the cities showing a like 
behaviour, a drop in the mortality per 100,000. This drop, moreover, 
has continued until the present time. 

Two somewhat sharp rises during the antitoxin years, one in 1900 
and the other in 1902, attract our attention. One of these took place 
in Boston, where a moderate epidemic occurred. In the course of the 
next two years, however, the mortality had again reached a low point. 
The other occurred in 1902 in Kénigsberg and is particularly instructive. 

N. D, 39 


610 Mortality 


In 1901 there had been 16 diphtheria deaths per 100,000 population ; 
in 1902 there were 115, and in the following three years 61, 42, 22, 
respectively. Here we see that the disease, assuming epidemic pro- 
portions in 1902, was not entirely checked until after three years 
had elapsed. In a discussion which took place on this subject at 
Kénigsberg in 1908, all the speakers agreed that the reason for the 
spread of the disease was the failure to use immunising injections. 
The city authorities did not supply the serum free and the patients 
usually objected to the expense. In consequence of this very few 
immunising injections were carried out. (See Deutsche med. Wochenschr., 
Vereinsbeilage, No. 10, March 5, 1903.) 

The curves shown in the preceding chart can be combined. This 
has been done by adding together the diphtheria deaths in the 
19 cities each year and comparing the number so obtained with the 
total population of these cities in the same year. The results are seen 
in Table XXI (p. 611) and in the following curve. 
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Chart showing the combined curve for the 19 cities of which diphtheria 
mortality returns have been quoted. 
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TABLE XXI. Combined statistics of Deaths and Death Rates from Diph- 
theria and Croup in New York, Brooklyn, Boston, Pittsburg, Baltimore, 
Philadelphia, Berlin, Cologne, Breslau, Dresden, Hamburg, Kénigsberg, 
Munich, Vienna, London, Glasgow, Lwwerpool, Paris, Frankfurt. 


Deaths from Deaths per 
Year Population diphtheria and croup 100,000 
1878 10,000,598 8185 81:8 
1879 10,158,268 7205 70°7 
1880 13,401,394 11526 86°0 
1881 13,642,366 13897 101°9 
1882 13,857,726 14075 101°6 
1883 14,049,727 13721 97°6 
1884 14,353,102 11930 83°2 
1885 14,544,489 12399 85°2 
1886 15,617,867 12385 80°8 
1887 16,217,823 12721 79°5 
1888 16,300,948 11798 72°7 
1889 16,526,135 12247 75:1 
1890 16,526,135 11059 66°9 
1891 | 17,689,146 12389 70°0 
1892 18,330, 737 14200 77°5 
1893 18,467,970 15726 80°4 
1894 19,033,902 15125 (OSs 
1895 19,143,188 10657 55°6 
1896 19,489,682 9651 49°5 
1897 19,800,629 8942 45°2 
1898 20,037,918 7170 35°7 
1899 20,358,857 7256 35°6 
1900 20,764,614 6791 32°7 
1901 20,874,572 6104 29°2 
1902 21,552,398 5630 26°1 
1903 21,865,299 5117 23°4 
1904 22,532,848 4917 21°8 
1905 22,790,000 4323 19:0 


The statistics for Vienna do not begin until 1880; those for Glasgow until 1886. The 
figures for Paris are those of diphtheria only. 


The extent to which antitoxin is used. 


In order to ascertain the extent to which antitoxin is used at the 
present time we studied the question in New York City, by investi- 
gating all the cases of diphtheria occurring during a period of about 
three weeks in November and December 1905. 

The total number of cases reported to the Health Department 
during that time was 385, All but sixty of these reports stated that 
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antitoxin had been administered. In nine of these 60 cases, however, 
antitoxin was subsequently administered, leaving 51 cases which did 
not receive antitoxin, and of the latter six were not confirmed by 
bacteriological examination, leaving only 45 cases of true diphtheria 
in which no antitoxin was given. 

Of these cases three died. Two were severe cases, without any 
physician in attendance, and one a laryngeal case, which died late in 
the disease, the day after a physician was first summoned. 

With the exception of the fatal cases just mentioned, and one case 
reported as “moderately severe,” all of the “non-antitoxin” cases were 
mild, and this fact in almost all the instances determined the decision 
of the physician in not administering antitoxin. 

This investigation shows, therefore, that about one-eighth of the 
patients who are reported to be probably suffering from diphtheria 
do not receive antitoxin, and that this remedy is used in almost all the 
severe cases attended by physicians. 


The preceding tables cannot be compared with each other. 


6 


While the preceding tables serve as an accurate index of the value 
of the serum treatment, they cannot be used for comparing the mor- 
talities in different cities without correction for age distribution. 
Since diphtheria is especially a disease of childhood, it is obvious that 
the relative proportion of children in a community greatly affects the 
death rate from the disease. Since our tables were not prepared for 
the purpose of making such comparisons, we shall content ourselves 
with merely calling attention to this factor. The following table, 
kindly compiled for us by Dr Roger 8. Tracy, gives some idea of the 
influence exerted by age distribution. In compiling this table he has 
taken the total number of deaths from diphtheria and croup amongst 
children under 15 years of age in New York in 1902 as the basis of the 
calculation. This number was 1965 out of a total of 2015 deaths. 
The table shows that in these differently constituted populations the 
crude or general death rate may vary more than 50 7/, while the actual 
mortality remains the same, 
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Berlin 1900 1888577 486057 25°74 1909731 491590 1°75 860 
London 1901 4536541 1357874 29°93 4579110 1370600 1°75 230 
Munich = 1895 407307 98678 24°47 509000 124570 1°75 218 
Paris 1901 2657335 501512 18°87 2695065 508750 1°75 890 
Vienna 1900 1674987 455790 27°22 1701989 471200 iar: 823 
New York 1900 3437202 1053298 30°64 3665735 1123400 1°75 1965 
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CHAPTER XIX. 


SERUM SICKNESS. 


The clinical effects of diphtheria antitoxin. Short summary of the chronic 
toxic effects in man of injections of antitoxic or normal horse serum. The 
phenomena of serum sickness considered in detail. The stage of incubation. The 
fever. The rashes. The swelling of the lymph nodes. The blood changes in 
untreated diphtheria, in cases injected with antitoxic serum, and in cases de- 
veloping serum sickness. Joint pains. Oedema and albuminuria. The condition 
of the mucous membranes. Rarer manifestations. Repeated injections of serum. 
Hypersensibility caused by serum injections. Late toxic effects produced in 
animals by the injection of heterologous serum. Differential diagnosis. The 
treatment of and prophylactic measures against serum sickness. The results 
obtained by the use of antitoxie globulin solution. Summary and conclusions 
upon the value of ‘‘ refined” antitoxin. Calcium salts as a preventative of serum 
sickness. Theories as to the cause of serum sickness. Sudden death after an 
injection of serum. Duration of immunity. Repeated injections of antitoxin. 


THE CLINICAL EFFECTS OF DIPHTHERIA ANTITOXIN. 


THE clinical effects of diphtheria antitoxin manifest themselves 
both on the general symptoms due to the toxaemia of the disease and 
on the pseudo-membrane. 

In cases which are treated early the general condition of the patient 
becomes noticeably bettered, the constitutional symptoms of toxaemia 
disappear, the colour and appearance of the patient improve, the 
appetite returns and mental depression disappears. When, owing to 
the omission of early serum treatment, toxaemia has become well 
marked and cellular poisoning is manifest, the above effects are much 
less noticeable, or take place more gradually. 

If careful observations are made a rise in temperature of one or two 
degrees coming on four or five hours after injection is noticed in a good 
proportion of cases. This phenomenon is transient, lasting only a few 
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hours, and generally escapes observation when the temperature is 
recorded twice daily in the routine manner. 

Together with the temporary rise of temperature the pulse is also 
accelerated, usually out of proportion to the temperature, and the 
acceleration is apt to persist after the fall of the latter for a variable 
time. In a certain number of cases not only is there a markedly 
quickened pulse, but a weak, irregular heart action follows shortly 
after the injection. The temporary elevation of temperature is now 
known to be due, not to the effect of antitoxin as such, but to the 
proteids in its vehicle, the horse serum. Experiments have shown 
that the same rise of temperature occurs with non-immunised horse 
serum ; and it has also been found that with antitoxic serum of greater 
concentration this effect on pulse and temperature is somewhat less 
marked than when an equal number of units of less concentrated serum 
is used. 

In favourable cases, and especially in uncomplicated diphtheria, the 
temperature is not as a rule high and after an injection falls rapidly, 
becoming practically normal in three or four days. This, however, 
often happens even without the injection of antitoxin. In cases of 
mixed infection, and also in laryngeal cases with some bronchial 
involvement, the drop in temperature is much less sudden and takes 
place by lysis. When the temperature does not fall in the regular 
way, it is usually an indication of an otitis, a pneumonia, or other 
complication. Upon broncho-pneumonia, even when partly due to 
diphtheria bacilli, antitoxin has but little effect. 

The local effects of the absorbed antitoxic serum on the recently 
produced pseudo-membrane are marked. In early cases of diphtheria 
of the pharynx or tonsils the pseudo-membrane ceases to extend six to 
twelve hours after a sufficiently large injection, and becomes blanched, 
or the dirty colour, if present, becomes less marked. The membrane 
appears to swell, and becomes whiter and seemingly thicker. Later 
the membrane becomes loosened at the edges, rolls up and _ soon, 
either spontaneously or following irrigation, detaches itself, either en 
masse or in small pieces. The process takes place somewhat more 
rapidly on the tonsils than elsewhere in the pharynx. The time 
required for the complete restoration of the mucous membrane in 
early treated and favourably progressing cases, when epithelial necrosis 
has not been extensive, varies from twenty-four hours to three or four 
days. Occasionally the pseudo-membrane, after disappearing, is partially 
reproduced, in which case a second dose of serum causes the secondary 
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membrane to undergo the changes mentioned above. In those cases of 
diphtheria in which the pyogenic streptococci or other bacteria play an 
important part the effects of the antitoxin are not so well marked, and 
the exudate or pseudo-membrane persists for some time. When the 
lesions have lasted for some days and the superficial epithelium has 
become necrotic, there remains for several days after the separation of 
the membrane an ulceration which is coated by a thin exudate. A 
week or ten days is required in these cases for complete local recovery. 

In nasal diphtheria, the effects are similar, the irrigation, if practised, 
bringing away small or large pieces of detached membrane, or some- 
times a complete cast of the cavity. The nasal discharge and swelling 
are usually soon ameliorated and mouth-breathing ceases. In laryngeal 
diphtheria, when given early, the serum checks the process so that in 
many of the cases operation does not become necessary. If intubation 
or tracheotomy has to be practised, the membrane is soon loosened in 
favourable cases and is coughed up. The shorter average time for 
which the tube is required in intubation and the cannula in tracheotomy 
has been noted by many. It is a notable fact that the intubation tube 
is more often coughed out in cases treated with antitoxin than in those 
treated by any other method. 

The gland lesions are usually favourably influenced by antitoxin 
treatment, especially in cases of diphtheria in which progressive mixed 
infection is not marked, although a moderate swelling of the cervical 
glands is apt to persist for some time after the disappearance of the 
local symptoms. 

The heart is only indirectly helped by the serum, and cardiac failure 
remains the chief cause of death in uncomplicated diphtheria. Children 
and adults still die of heart weakness in spite of treatment, but this 
occurs in proportion to the amount of poisoning which had taken place 
before sufficient antitoxin was given and the degree to which the heart 
had already been poisoned. If the heart muscle is already diseased the 
antitoxin cannot restore it. The same is true of the kidney. The 
effect of the horse serum on the kidneys is considered under serum 
sickness. 


THE CHRONIC Toxic Errects IN MAN oF INJECTIONS OF 
ANTITOXIC OR NORMAL HorsE SERUM. ‘SERUM SICKNESS.” 


Ordinarily, with the exception of a little local irritation, the in- 
jection of antitoxin is not followed by any immediate local changes. 
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Abscesses at the site of inoculation only arise if insufficient care has 
been used to guard against septic infection, or in cases suffering from 
septicaemia where the presence of the serum may cause a localisation 
of the pus organisms. If the hands, syringe, vessels, etc. are clean 
abscesses very rarely develop, provided the serum is sterile, and even if 
it is not, infection frequently does not follow. 

It was early noted, however, that injections of antitoxin were some- 
times followed after a few days by a peculiar train of symptoms, 
principally rashes, pains in the joints and fever. One of the first to 
publish his observations was Lublinski (1894). His patient was an 
eight year old girl who received three injections of 10 c.c. each on the 
second and third days of the disease. On the fifth day of the disease 
there was reddening of the site of injection. Nine days after the last 
injection high fever and painful swelling of the joints developed, 
accompanied by an extensive macular exanthem of the multiform 
type. This condition lasted about four days. The child made a good 
recovery. 

Shortly afterwards Scholz (1894) reported four examples of this 
condition, and since that time a large number of authors have 
described serum rashes. 

Even at that early date both Heubner and Bokay expressed the 
view that the phenomena were due to other constituents of the serum 
than the antitoxin, and this was subsequently confirmed experimentally 
by Johannessen. By injecting normal persons with normal horse serum 
he produced the same phenomena. Of 22 normal persons so injected 
eight suffered from fever and 12 from exanthems. 

Hartung (1896) collected statistics on the frequency of serum 
rashes and found that they occurred in from 8 to 11% of the cases. 
He considered that the frequency was dependent more on the in- 
dividuality of the horse furnishing the serum than on the quantity 
of serum injected. Since that time this subject has received much 
attention and is of sufficient importance to require detailed con- 
sideration. 

In the following account we have made free use of the excellent 
study on serum sickness published by v. Pirquet and Schick (1905). 

Apart from a little local irritation no immediate changes are usually 
noticed even after large injections; and during the next few days the 
site of injection shows absolutely no reaction. There is nothing to 
denote that a foreign substance has entered the body, for the patient’s 
general condition is not disturbed. Then in about 20% of the cases, 
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usually between the 8th and 12th day, symptoms of disturbance 
suddenly manifest themselves. 

Now and then prodromal signs precede the general outbreak of the 
symptoms by a few days. The skin is sensitive to even slight irritation 
and shows indistinct reddening; this is especially the case at the site of 
injection and in its vicinity, which is reddened and itchy. The most 
constant of the prodromal symptoms is a slight swelling of the nearest 
lymph nodes. 

As a rule the first indication of the disease itself is the development 
of an eruption, generally urticarial in character, which usually spreads 
from the site of injection over the rest of the body. In most instances 
it appears simultaneously in symmetrical places. Some of the wheals 
are pale, some surrounded by a livid red zone. The latter is especially 
the case if the patient scratches a good deal. If the lesions are close 
together, areas in which the eruption is confluent are often seen. In 
such cases the entire area seems to be oedematous, and if occurring 
on the face often gives rise to marked disfigurement. Owing to the 
intense itching the patients are restless and out of sorts. 

All of the eruptions are fleeting. A particular wheal only lasts a 
few hours, and the entire urticarial rash rarely lasts longer than from 
two to three days. There is no regularity in the course of the erup- 
tion such as is seen, for instance, in smallpox. 

In the meantime the temperature rises to some extent, showing 
that the rest of the body is taking part in the reaction. The intellect 
and special senses, however, are unaffected. With the rise of 
temperature the pulse rate is quickened, but the quality of the pulse 
remains good. 

In addition, however, to the cutaneous symptoms to which the 
name “serum rash” has been given, there are others. In the cases 
which react the lymph nodes draining the site of inoculation gradually 
enlarge from the period of incubation. With the onset of the fever and 
rash this swelling quickly increases in intensity, and other lymph nodes 
may become affected later. The swelling, which is painful and tender 
to the touch, subsides when the other serum phenomena are dis- 
appearing. 

Especial attention must be called to the state of the renal functions 
and to the development of slight oedema. The latter is quite regularly 
observed, and is not only visible, but can be demonstrated by the 
increase in body weight according to the method of v. Pirquet. With 
the development of the disease the curve of body weight increases 
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despite the fever and the decreased absorption of food. The maximum 
of the curve usually coincides with the height of the symptoms. After 
the oedema has reached a certain intensity, it is appreciable to the eye 
and to the palpating finger. The oedematous areas correspond in their 
localisation to those which follow nephritis. 

In spite even of marked oedema there are usually no urinary 
changes which indicate disease of the kidneys. Only in a minority 
of cases does an excretion of albumin in the urine occur, and even 
in these cases the amount always remains small. v. Pirquet and Schick 
for example never found more than 025 7%. A slight sediment 
only occurs, which contains merely a few hyaline casts and some red 
blood corpuscles. As the body weight increases at the time of the 
oedema, there is a reduction in the amount of urine excreted, but there 
is never anuria. 

Compared with the constancy of the above-named symptoms the 
others are much less frequent. Of these the joint pains, which occur 
in about 1 Y of the cases, have always been regarded as one of the most 
prominent. The various kinds of rashes, the rare mucous membrane 
symptoms and the blood changes will be discussed later (p. 621). 

The general condition of the patient is usually not much affected, 
especially when the disease lasts but a short time; in fact the patient’s 
feelings are often in marked contrast to the high fever. Rare cases, how- 
ever, occur in which after injections of large quantities of serum the 
disease lasts from four to five weeks. These patients often suffer from 
severe prostration and loss of weight. As soon as the disease ceases, 
however, and convalescence begins, the lost weight is rapidly regained 
and the disease disappears without leaving any sequela. No after effects 
are observed, and not one of the individual symptoms can lead to 
permanent injury. 

v. Pirquet and Schick have never seen a fatal ending which could 
be ascribed to the action of the serum. At the most they concede that 
serum sickness developing in a patient who is extremely ill may so 
lessen his resistance that he succumbs to the combined attack. Several 
fatal cases (p. 636) have, however, been recorded in which death has 
apparently been due to the injection of serum, but in these the fatal 
ending has occurred within a few minutes of the injection. 

It is very difficult to give a good general picture of serum sickness, 
because the variations in the symptoms are dependent not only on the 
individual disposition of the patient but also on the nature and amount 
of the serum injected. The cases of serum sickness which are the most 
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frequent, and therefore practically of the most importance, are rudimen- 
tary ones, in which only one or another symptom is well marked. The 
most frequent are those showing fever and exanthem. 


THE PHENOMENA OF SERUM SICKNESS CONSIDERED IN DETAIL. 
The Stage of Incubation. 


In serum sickness, as in a large number of diseases, the symptoms 
do not, as a rule, come on immediately after the subcutaneous or intra- 
venous injection of the serum. In other words, between these two 
events there is a definite interval—the stage of incubation—during 
which there are no symptoms. 

Naturally we disregard the temporary slight swelling, tenderness 
and redness at the site of injection and the immediate vicinity. These 
are merely the results of the injury incidental to the injection. 

The incubation period is not due to the slow absorption of the 
foreign serum, for it is present when the serum is given intravenously. 
Hartung observed that in more than half of his cases the serum 
symptoms came on ten days after the injection. v. Pirquet and Schick 
(1905) studied 90 cases of serum sickness following a first injection and 
found the average duration of the incubation period to be from 8 to 12 
days. In patients injected a second time the symptoms occur after 
a shortened period of incubation. We have several times observed that 
with the sera of certain horses early rashes are very frequent, often 
occurring on the second day. 


The Fever. 


Corresponding with the varying intensity of all the symptoms the 
course of the fever in serum sickness is irregular. In spite of its 
irregularity, v. Pirquet and Schick (1905) believe that they have 
established the constancy of the following points, especially in cases 
in which large amounts of serum have been administered. 

1. Fever is one of the most frequent symptoms, occurring more 
often than the rashes. 

2. It lasts until the end of the clinical symptoms of the disease. 

3. In the more severe cases, the type is generally that of a 
remittent fever, the daily fluctuations amounting to 1—8° C. Less 
frequently morning temperatures are also high. Toward the end of 
the disease, when the morning temperature is frequently normal or 
subnormal, the curve of the fever often becomes intermittent. 
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4. There is a certain relation between the course of the fever and 
the form of the rash. The highest fever is seen with the morbilliform 
(maculo-papular), the lowest with the erythematous rashes. The 
urticarias and the scarlatiniform rashes occupy an intermediate position. 
[In our own experience the scarlatiniform rashes have been accompanied 
by as high fevers as the morbilliform.] 

5. The height of the temperature does not, in general, permit of 
any conclusions as to severity or duration of the disease. [In our 
experience there has been considerable correspondence. ] 

6. The duration and intensity of the fever are dependent partly 
on the amount of serum injected and special horse from which it was 
obtained, and partly on the individual disposition of the patient. 

In regard to sections 1 and 2, it should be added that at the time 
the serum reaction is complete and temperature elevated the rashes 
may still be absent. In order to avoid misunderstanding we must 
add, however, that in spite of our emphasis on the presence of fever, 
there are many cases in which the fever is entirely absent. Further 
we must point out that the fever must not be regarded as the result of 
the rash. Fever and rash are in fact coordinated effects of one cause. 

High fever of short duration is frequently seen to follow the 
injection of small amounts of serum. 

In discussing section 6 some help may be obtained from statistics. 
The statistics for the early antitoxin days, when the injections amounted 
to 10—30 c.c. of serum, show that 22 / of the cases developed symptoms 
of serum sickness. In recent years, with injections of from 5—15 c.c. 
the proportion of cases suffering from serum sickness has fallen to 6°5 /. 
Many observers, however, still record a high proportion. Even at 
the present time, however, when large injections of serum amounting 
to 100 to 200c.c. are practised (Moser’s scarlet fever serum), serum 
symptoms are met with in 85% of the cases. 

That there is a peculiarity in predisposition to the disease is shown 
by the fact that brothers and sisters may often exhibit the same 
anomalous behaviour in response to injections, as, for example, an 
abnormally short incubation period. 


The Rashes. 


The rashes are extremely varied in character, and are divided by 
Hartung (1896) into the following four groups: 
(1) Urticarial. 
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(2) Scarlatina-like rashes. 
(a) Diffuse erythematous. 
(6b) Finely sprinkled (true scarlatiniform). 

(3) Morbilliform. 

(4) Polymorphous, including exudative forms. 

Almost every observer, however, must have encountered cases which 
could not be classified under these many varieties. v. Pirquet and 
Schick (1905), therefore, believe that it is unwise to attempt a separa- 
tion into these groups, since many intermediate forms are observed. 
These authors believe that the exciting cause of the rash has less to do 
with the form of the eruption than the condition of the patient. An 
individual may even have several rashes of different forms following an 
injection of serum. In the majority of cases the primary rash belongs 
to the urticarial class. In some cases there are fresh eruptions on new 
areas every day until the entire skin surface has been traversed. If, 
after this form of eruption has come to an end, a new type develops in 
its place it is the rule that the latter contains no urticarial spots. A 
similar rule is observed when a second and third different kind of rash 
develops. 

Our own experience leads us to believe that the individuality of the 
serum often plays a prominent part in the type of rash which is 
produced. We have observed that after the injection of certain sera 
the majority of rashes are morbilliform or scarlatiniform. Nevertheless, 
we wish to clearly state that we do not claim that the different kinds of 
rashes are produced by different constituents of the serum. If this was 
the case we should have to assume that each of these substances 
possessed a distinct period of incubation, since the morbilliform rashes 
almost invariably follow the urticarial and the reverse order is rarely or 
never observed. If general rashes develop, they are almost always of 
the urticarial type. 

Owing to the fleeting character of the rashes it is difficult to watch 
their course over the body. Im the case of the urticaria the rash 
frequently first appears as a reddening of the skin accompanied by 
itching, and later a wheal develops in the centre of the area. A rash 
generally takes the following course : 

(1) The rash usually first appears at the site of inoculation, and not 
infrequently this local rash is the only symptom, so far as the skin is 
concerned. 

(2) The rashes on the rest of the body usually develop symmetri- 
cally. 
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(3) The urticarial rashes are accompanied by marked itching. 

(4) The morbilliform and exudative rashes occur most frequently 
on the extensor surfaces of the extremities. 

For the sake of completeness we shall merely state that two other 
types of rash are occasionally met with. The first of these is the 
cachectic rash, which is seen in debilitated individuals. The rash 
appears pale and yellowish, and, especially in the urticarial forms, is but 
slightly raised from the surface with only a trace of the usual red 
surrounding zone. The other form is the haemorrhagic rash, which is 
only very rarely met with. 

The points to be considered in the differential diagnosis between the 
serum rashes and some of the exanthemata are discussed later (p. 629). 


(1) Urticaria. 


Urticaria usually appears first at the site of injection but soon spreads over the trunk 
and limbs. Sometimes only a single wheal may occur but usually the condition becomes 
generalised and successive crops may appear every few hours. There may be considerable 
oedema in the vicinity of the wheals. The rash as a rule does not persist long. The 
irritation produced by the itching may be very troublesome causing insomnia, especially in 
neurotic patients. 

(2) Erythema. 


Erythema usually occurs as a secondary rash following the urticaria, its onset occurring 
from about the twelfth to the twenty-ninth day. The erythema is at first amorphous but 
tends to become circinnate and form gyrate patterns. The rash usually appears first 
on the knees and elbows or on the inner side of the thighs, and may subsequently spread 
to the hands and face. Urticaria and erythema may occur simultaneously. 


(3) Scarlatiniform. 


A scarlatiniform rash is comparatively rare and is frequently limited to the site of 
injection. Leiner (1902) states that it is contagious and believes it to be a true scarlatina. 
Most observers, however, attribute a rash of this type to the antitoxin injection. 


(4) Morbilliform. 


When the circinnate erythema affects the face the resemblance to measles is striking. 
This is especially the case when it is accompanied by congestion of the conjunctiva, lachry- 
mation and swelling of the face, a not infrequent occurrence. 


Relative Frequency of the different Types of Rash. 


Great divergence of opinion exists on this subject. Thus Poix (1896) states that 
Lebreton and Magdelaine observed 54 urticarias, 12 scarlatiniform eruptions, two rubeoli- 
form eruptions and two polymorphic erythemas. Sevestre and Meslay recorded 
22 urticarias, four scarlatiniform and one erythema multiforme. By classifying the 
results of the observations of 50 authors Dubreuilh obtained records of 156 urticarias, 
46 scarlatiniform erythemata, 11 rubeoliform erythemata, and 31 polymorphic erythemata, 
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Stanley (1902) found that erythema was the commonest form in the Metropolitan 
Asylums Board Hospitals, London, whereas Rolleston (1905) working in the same 
hospitals at a later period, and using antitoxin from the same source, found that ‘‘the 
character of the rashes had changed,” urticaria being then most frequent. Stanley out of 
112 cases found : 


Erythema sie at 3 58 
Urticaria ... a At. a 30 

‘ Scarlatiniform oy a ve 6 
Morbilliform 44 5 .. under 3 °/, 


Rolleston out of 289 rashes which appeared from the first to the 10th day inclusive 
found : 


Scarlatiniform ad ae, a Bi 

Circinnate erythema trp Pr 6 

Urticaria ... wat ir si 272 
and out of 94 later rashes : 

Circinnate erythema age Se 84 

Urticaria... = oe bes 10 


The Swelling of the Lymph Nodes. 


Swelling of the regional lymph nodes is a more or less constant 
symptom of serum sickness. Injections of serum under the skin of the 
abdominal wall usually cause swellings of the inguinal glands of the 
same side. If the reaction is more intense the axillary glands may 
also be affected. The general course of this glandular enlargement in 
cases of serum sickness is as follows : 

Beginning about the 7th or 8th day after the injection a gradual 
increase in the size of the lymph nodes nearest the site of injection 
occurs. Glands which were at first just palpable become as large as 
peas, and stand out distinctly when the hip joint is extended. 

With the appearance of the general serum symptoms there is 
a rapid increase in the size of these glands; they frequently become as 
large as a date stone, or more, and stand out as one mass. At this time 
they are usually painful and tender to the touch. As a rule the 
swelling increases still more during the first few days and often extends 
to other lymph glands. Though the swelling remains until near the 
end of the disease, the tenderness disappears sooner. When the 
glands begin to decrease in size, it may be concluded that the disease is 
about to end. v. Pirquet and Schick (1905), therefore, lay stress on 
this as a prognostic point. 
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The Blood Changes in Untreated Diphtheria, in cases injected with 
Antitowic Serum, and in cases developing Serum Sickness. 


The blood changes in diphtheria (without the development of serum 
sickness) have been carefully studied by Ewing (1901), who found, that 
the disease caused a slight anaemia with very few morphological 
changes in the cells. The leucocytes usually show a considerable 
increase in numbers, 25,000—30,000 per c.mm. being frequently 
present in severe cases. The majority of fatal cases at some period 
show 25,000—50,000 leucocytes per c.mm. Mild attacks, especially 
in adults, may not produce any increase. In cases treated with 
diphtheria antitoxin the blood changes are less marked. Within half 
an hour after the injection of antitoxin, the leucocytes, especially the 
polynuclear forms, if previously abundant, show a marked diminution, 
and in most cases, although the leucocytosis returns after 24—48 hours, 
it seldom reaches its previous height. Billings (1896) found that the 
injection of antitoxin into healthy individuals produced a slight re- 
duction in the number of blood corpuscles in about one half of the 
cases. The haemoglobin was correspondingly affected, but the leucocytes 
were apparently unaffected by the injections. Field in our laboratory 
obtained practically identical results in investigations on two dozen 
normal children injected with either ordinary or “refined” antitoxin 
(Gibson’s process). 

v. Pirquet and Schick (1905) describe a marked leucopenia de- 
veloping with the onset of symptoms in many cases which suffer from 
the serum disease, after large or moderate doses. The decrease, which 
is particularly at the expense of the polynuclear cells, resembles closely 
the leucopenia observed in measles, scarlatina and vaccinia. 


Joint pains. 


Joint pains, although not especially frequent, have attracted the 
attention of many observers. Hartung (1896) observed joint symptoms 
in 140 (6°7 7%) out of 2073 cases of serum sickness. 

Amongst 4358 cases cited by v. Pirquet and Schick (1905) the 
condition was encountered about 40 times (1 yay Rolleston (1905), 
quoting a report to the London Clinical Society, states that joint 
pains occurred in 40 (6°37) out of 633 cases. In all of these cases 
fever developed, and in 35 a rash at the same time as, or just before, 
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the joint pains. Barbier (1904) in Paris noted joint affections in six 
out of 763 cases. The symptoms lasted from four to eight days, and all 
the patients recovered between the 6th and 14th day. In our ex- 
perience the joints have been involved in less than 1'/ of the cases 
which developed serum sickness. 

The metacarpo-phalangeal joints are the ones most frequently affected, 
and next in order of frequency are the joints of the hand and the knee. 
Pain, which is increased on moving the joints, is a marked feature. 
Objectively, there is usually nothing to be found, or only slight swelling 
and redness, and in this respect the conditions differ from those 
observed in acute rheumatism. Owing to the benign course which 
this affection takes, pathological examinations in the human subject 
are not obtainable. In a calf, despite the presence of marked pains, 
no pathological changes were found, not even a trace of swelling. 
It is possible, since the joint pains occur at the same time as rash, 
that the synovial membrane of the joints is affected in the same way as 
the skin. The joints do not become purulent and there are no heart 
complications such as endo- or pericarditis. Salicylates do not influence 
the condition. Cold compresses seem to give the greatest relief. It 
must be remembered that in diphtheria patients treated both with and 
without antitoxin from time to time develop suppurative arthritis. 


Oedema and Albuminuria. 


We have already stated that the development of a slight oedema 
is a very frequent symptom of serum sickness. Albuminuria, on the 
contrary, 1s only rarely observed. The oedema shows itself usually in 
the face, and less frequently in the dependent parts of the body. We 
may, therefore, conclude that it is not due to passive congestion. 
The duration of the oedema corresponds to that of the serum sickness, 
and, like the decrease in the glandular enlargement, the decrease in the 
oedema is of prognostic value. 

When albuminuria occurs it does not appear until a few days after 
the development of the oedema. The amount of albumin, however, 
is always slight, never more than about ‘025'/ The urinary sediment 
contains a few hyaline casts or a few stray blood corpuscles. 


The Condition of the Mucous Membranes. 


The mucous membranes hardly ever take part in the serum reaction 
and this fact constitutes a valuable aid in the differential diagnosis 
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from scarlet fever and measles. v. Pirquet and Schick (1905) never 
saw an angina which could be traced to the serum. They observed, 
however, not infrequently diffuse bronchitis as part of the serum 
symptoms, and in a few cases bloody diarrhoea. 


Rarer Manifestations. 


Associated with the dilated state of the vessels haemorrhage into 
the gut has been recorded. Gerlach (1905) attributed a case of urethral 
haemorrhage to leakage from the dilated vessels. Oedema of the 
glottis and diffuse bronchitis have also been observed. 


REPEATED INJECTIONS OF SERUM. 


(a) Hypersensibility caused by Serum Injections. 


Arthus (1903) and v. Pirquet and Schick (1903) have drawn 
attention to the fact that an injection of serum into an individual who 
has previously received injections may give rise to more rapid and more 
acute symptoms than in a normal person. The latter authors have also 
pointed out that an increased rate of reaction or even an immediate 
reaction may occur. In the latter case oedema at the site of injection 
and frequently urticaria, pyrexia and all the other symptoms of serum 
disease are found within 24 hours. 

They point to the analogy between this phenomenon and that 
observed by Richet (1904—1905) in the case of the poison congestin 
obtained from Actinia. Richet found that the lethal dose of this 
substance for rabbits at the first injection was ‘009 grm. per kilo. Only 
‘003 grm. was required to kill an animal which had previously received an 
injection. The action is not due to a cumulative effect, since three 
to four days must elapse after the first injection before the hyper- 
sensibility develops. As a previous injection produced the opposite 
effect to a prophylactic action Richet called the condition “anaphylaxia” 
or hypersensibility. 

Hamburger and Moro (1903) demonstrated precipitin in the blood 
serum of the human subject after the injection of horse serum, and were 
at first inclined to attribute the phenomena of serum disease to the 
formation of a precipitum within the circulation. After the demon- 
stration of Rostoski, Michaelis, and Oppenheimer (1902) that no 
precipitation occurs within the living body this view was abandoned. 

40—2 
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v. Pirquet and Schick attribute the immediate or hastened 
reaction and indeed the serum disease as a whole to an interaction 
between the antigen and the antibody. The term antibody is not to 
be interpreted as synonymous with precipitin. They draw far-reaching 
deductions as to the essential nature of immunity from these observa- 
tions, During its evolution the protective mechanism of the body 
against disease has been chiefly directed against organisms which 
multiply in the body, and the quicker the reaction of the body the less 
time has the foreign invader to multiply. In nature the injection of 
poisons incapable of multiplication is so rare (e.g. snake-bite), that it 
forms an artificial type of disease. The hastened reaction is the chief 
advantage which the animal has derived from its survival from 
attacks of disease. In re-vaccination with vaccine lymph one of the 
striking features 1s the earlier occurrence of the reaction, and this, 
according to v. Pirquet and Schick, is the essence of the immunity by 
which the vaccinated individual benefits. 


(b) Late Towc Effects produced on Animals by the Injection 
of Heterologous Serum. 


A number of workers [Arloing (1895), Murajew (1898), Salter (1898), 
Linossier and Lemoine (1902)] have shown that late toxic results may 
follow the injection of even small doses of heterologous serum, and that 
injurious effects are especially apt to occur if the injections are 
frequently repeated. Salter, for example, found that the rate of 
growth in young guinea-pigs was retarded by injections of horse 
serum. Oppenheimer (1904) got results in direct opposition to those 
of Linossier and Lemoine. The writer’s experience is that animals 
repeatedly injected with normal horse serum, even after it has been 
heated to 56°—60° C., for half an hour, tend to become cachectic and 
die. This is in agreement with results recorded by v. Pirquet and 
Schick. 

The ordinary phenomena associated with serum disease have only 
rarely been recorded in animals. Beclere, Chambon and Ménard (1896) 
observed in calves a rise of temperature accompanied by a generalised 
exanthema and an affection of the joints after the injection of large 
quantities (;4, of the body weight) of horse serum. The rashes were 
of an urticarial or morbilliform type with marked infiltration of the 
skin. No characteristic histological changes of the skin or joints were 
found. Aronson (1904, quoted by v. Pirquet and Schick), has not 


W. H. Park anv C. BoLpuAN 629 


infrequently observed a generalised papular eruption in horses following 
the injection of a heterologous serum. 


DIFFERENTIAL DIAGNOSIS. 


The similarity of the rashes of serum sickness to those of scarlet 
fever, measles and toxic conditions, often leads to difficulties in correct 
diagnosis. These difficulties are in part due to the fact that in most 
cases the individuals are already suffering from one disease and it is 
hard to tell to what extent this disease is answerable for some of the 
symptoms. It is very important not to make the mistake of ascribing 
every unexplained rise of temperature about the time that serum 
symptoms ought to appear to the serum. 

Serum sickness has most frequently to be diagnosed from measles 
and scarlet fever. The following points indicate serum sickness. 

1. The time of development of the rash (7—14 days after 
injection). 

2. Rash appearing first in the vicinity of the inoculation site. 

3. Regional glandular enlargement. 

4. Entire absence of mucous membrane lesions. 

The second point must be used with considerable caution for 
exceptions to it are not uncommon. Oberwinter (1903), for example, 
describes a number of cases in which true scarlet fever made its first 
appearance at the site of inoculation. One of his cases is described in 
detail later (p. 630). 

The last point makes the diagnosis from measles quite easy. The 
absence of Koplik spots, coryza and conjunctivitis are sufficient to show 
that the patient is not suffering from measles. The diagnosis from 
scarlet fever presents greater difficulties. In many instances, in fact, the 
scarlatinal nature of the rash is not recognised until other children are 
attacked, or until there is a characteristic desquamation or a haemorrhagic 
nephritis. Owing to this fact some authors have even questioned the 
existence of scarlatiniform serum rashes. We believe, however, there 
is no doubt that such rashes do occur. Help in arriving at a diagnosis 
may be obtained from observing the following points. 

1. Initial vomiting. 

2. Presence of angina and exanthem. 

3. High fever. 

4. Ina hospital the development of the disease in several children 
simultaneously or at very short intervals. This fact can be used as 
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a differential sign because the scarlatiniform type of serum rash is 
relatively rare. 

The differentiation of serum rashes from food, and especially drug 
rashes, might often be very difficult. In practice, however, these very 
rarely need be considered. Owing to the time at which the serum rash 
develops, the patient has usually been under medical observation for 
a number of days, and during this time the drugs administered are 
known. Urticarias due to food are usually not difficult to distinguish, 
for gastro-intestinal disturbances generally precede urticarias of intes- 
tinal origin. 

The following clinical cases illustrate some of the diagnostic 
ditficulties. 


Case 1, reported by Dr Kellogg at the Minturn Hospital, a private hospital in 
New York City for the treatment of diphtheria and scarlet fever, in which the 
scarlatina rash was supposed to be due to serum until the spread of infection 
showed its nature. A patient with laryngeal diphtheria had been given antitoxin 
and 48 hours afterward developed an erythematous rash, which soon became faintly 
papular, starting on the chest and spreading over the whole body. The condition 
of the pharynx was not characteristic of scarlet fever, but vomiting occurred. 
The case, though diagnosed as a scarlatiniform antitoxin eruption, was isolated. 
Four days later typical scarlet fever desquamation took place, and the nurse who 
was in charge of the case developed typical scarlet fever four days afterwards. 
No diphtheria bacilli were found in her throat, 

Case 2, reported by Oberwinter (1903), in which two rashes at first considered to 
be due to serum proved eventually to be due to scarlatina. 

“Tn November, 1901, we admitted at the same time into our Diphtheria Ward 
two children, Elsie F., four years old, and Gertrude F., five years old. They were 
cousins and had frequently played together recently. Both had sickened at the 
same time two days before, having probably been infected together. Both had 
a thick diphtheria membrane in the throat from which diphtheria bacilli were 
obtained in large numbers. Gertrude showed, even on admission, a marked 
infiltration of the cervical lymph glands. The children were immediately injected 
with 3000 units of antitoxin. The fever subsided rapidly and the membranes were 
thrown off in a few days. 

On the fourth day of hospital treatment, after they had both been free from 
fever for two days, the temperature suddenly rose to 39°C. General condition was 
but little affected. At the site of injection there was seen on both children a 
brilliant red, finely spotted exanthem. On the trunk there was a similar, though 
far paler rash. The extremities and face remained free. Tongue showed a little 
erosion at the tip. Throat somewhat reddened, as was only to be expected after 
the recent throwing off of the membrane. The pulse, which in both children was 
still rapid, remained so (120—130) per minute. 

On the following day the extremities also were affected, faces, however, remained 
clear. In the course of the next four days the rash faded slowly. During the 
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entire time the general condition was but slightly affected. Only in Elsie did the 
tongue show any erosion. Throat only slightly reddened. In Gertrude the fever 
disappeared as early as the second day of the rash. 

Although the long duration of the rash, as well as the accompanying fever 
(at least in one of the children), was very suspicious of scarlet fever, the undisturbed 
general health of both children, the development of the rash within the first three or 
four days, the decline of the fever (in Gertrude as early as the second day) and the 
almost entire absence of throat or tongue involvement, all these spoke against 
scarlet fever. Furthermore it would have been a curious coincidence if two typical 
diphtherias should be infected with scarlet fever immediately on entering the 
hospital, and that these should then both develop the disease at the same time 
and run a similar course. We therefore decided on the diagnosis of ‘serum rash,’ 
until, to our sorrow, we saw large flakes of skin scale off and, what was still more, 
when the patient against our wishes left the hospital at the end of 34 weeks, she 
promptly infected her sister with typical scarlet fever.” 

v. Rittershain (1902) also observed a rash beginning at the site of inoculation, 
which was at first thought to be a serum rash. The patient, however, later 
developed typical scarlet fever. 


THE TREATMENT OF AND PROPHYLACTIC MEASURES 
AGAINST SERUM SICKNESS. 


The therapeutic treatment of serum sickness may be dismissed with 
the words “ symptomatic treatment.” Cold compresses may be applied 
to the swollen parts and prolonged warm compresses to the affected 
joints, local applications of menthol, etc. to relieve the itching, sponging 
for the fever, etc. 

In considering the prophylactic treatment it must be remembered 
that the serum sickness is due to certain constituents of the serum, and 
that these have apparently no connection with the antitoxin, for normal 
horse serum produces the same effects as does antitoxic serum. As 
soon as this fact was duly appreciated efforts were made to purify the 
antitoxic serum, and, if possible, to isolate the antitoxin. For the 
same reason attention was directed to securing as strong a serum as 
possible. In the early antitoxin days a sample of serum contained 
only 60—70 units per c.c. By employing selected horses and strong 
toxins from certain strains of bacilli, especially the New York Health 
Department culture No. 8, a higher grade of serum was gradually 
obtained, so that after some years the ordinary antitoxic serum con- 
tained 200 units per c.c. in some countries and 300 units in others. 
With these sera much smaller injections were required to give the 
same dose of antitoxin. In spite, however, of the fact that the serum 
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of many laboratories now contains as much as 400—500 units per c.c. 
rashes are still quite frequent. 

Many workers have attempted to entirely eliminate the non-anti- 
toxic portions of the serum, and those interested in the chemical side of 
these investigations are referred to the recent article by Gibson (1905). 
In 1900 Atkinson, working in the Research Laboratory of the New 
York Health Department, eliminated all but the globulin from the 
antitoxin, and we tried this partially refined serum in 36 cases. The 
results in these cases were so nearly identical with those obtained in an 
equal number of cases treated with the whole serum from the same 
horse that the preparation of this expensive antitoxic solution was 
abandoned. The idea that a practical separation of the antitoxin from 
much of the proteid non-antitoxic portion of the serum was possible 
was not given up. In August of 1905 we tested an antitoxic pre- 
paration which we hoped might be more successful. Dr R. B. Gibson, 
Chemist in the Research Laboratory, placed the ammonium sulphate 
precipitate from the antitoxic serum in saturated sodium chloride 
solution and found that the globulin soluble in this contained all 
the antitoxin. In this way the nucleo-proteids and the insoluble 
globulins, present in the Atkinson preparation, were eliminated. These 
soluble globulins were precipitated by acetic acid, and placed in a sac 
of parchment membrane and dialysed. The solution of globulins was 
then neutralised and sufficient sodium chloride was added. 

This solution of antitoxin and a portion of the other soluble serum 
globulins was then tested on a number of children. From the first 
the results were favourable but injections caused more local pain than 
when ordinary antitoxic serum was used. Stricter attention to the 
neutralisation soon overcame this defect with the result that when 
serum was injected on one side and globulin solution on the other, 
the patient was unable to tell the one from the other. In October 1905 
the antitoxic globulin solution was administered not only in the 
hospitals but also in private homes by the Medical Inspectors. Since 
December it has been gradually distributed throughout New York 
City and is now the only form of antitoxin supplied by the Health 
Department. 


The Results obtained by the Use of Antitoxie Globulin Solution. 


The antitoxic effects of the antitoxic globulin solution seem to be 
identical with those of the whole serum. This must almost necessarily 
be the case, for the unit of the antitoxic globulin solution is identical 
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with the unit of antitoxin supplied by the United States Government. 
Our tests have shown that not only the toxin but also the poisons 
produced in the animal by injections with virulent bacilli are neutralised 
as completely by the globulin solution as by the antitoxic serum from 
which it is separated. Both we ourselves and the resident and 
attending physicians of the contagious disease hospitals noted that 
the rashes following the injections of the globulin solution seemed to 
be decidedly less severe than those which formerly followed the injection 
of the whole serum, and that there were very few who had any 
constitutional disturbances even when the rashes did develop. As 
the serum, supplied by different horses or even by the same horse 
at different times, is known to vary, and as it is therefore difficult to 
accurately compare different bleedings it was decided to make a test by 
collecting a quantity of serum from four different horses, mixing it 
thoroughly and then after precipitating one half to treat an equal number 
of patients simultaneously with the two preparations. These tests were 
chiefly carried out in the Willard Parker Hospital, but a few cases were 
also treated at the Riverside Hospital. Drs Lynah and Watson, the 
resident physicians in charge of these two hospitals, took great interest 
in these experiments and afforded valuable aid, and we wish to express 
our indebtedness to them. It soon became evident that the serum which 
we had chosen was one of such a character that eruptions and constitu- 
tional disturbances usually appeared in those who were injected. Whether 
this was due to some other reason or to the fact that serum from four 
horses had been mixed, this serum produced more after-effects than any 
we had used in the hospitals since 1899. These after-effects were 
so marked and occurred in such a large proportion of the children that 
we decided to stop the use of the whole serum as soon as we became 
aware of the fact. In those over 10 years of age rashes seldom 
occurred. The rashes in those inoculated with the globulin preparation 
were much less severe. The cases treated with both the whole serum 
and the antitoxic globulins were most carefully watched, and the course 
of the disease, as well as after-effects, noted. 

After all the patients had become fully convalescent or had left 
the hospital the histories were finally compared. It was found that 
fifty children under ten years of age treated with the whole serum 
had lived at least nine days or long enough for the development of 
serum effects. The first fifty consecutive cases in children under 
10 years treated with the antitoxic globulins precipitated from the 
same lot of serum were compared with these. 
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The following table gives a summary of the constitutional and local 
reactions observed during the treatment of 100 cases of diphtheria in 
young children, 50 of whom received mixed antitoxic serum from four 
horses and 50 a solution of the antitoxic globulins derived from the 


same lot of serum. 
Children who were 


Children who were treated with 
treated with the the solution of 
; } whole serum antitoxic globulins 

Marked constitutional symptoms accompanied 

by a severe and persistent rash in ... ae 26 °/, Oe 
Moderate constitutional symptoms accompanied 

by a well developed erythema or urticaria... keyed Als 
Very slight constitutional disturbance accom- 

panied by a more or less general rashin ... 20 °/, bpd 
No appreciable constitutional disturbance, but a 

more or less general urticaria or erythema in 4°), 34 °/, 
No appreciable deleterious after effects whatever 

in es ai AG sins a 30 °/, 54 °/, 


Duration of rashes. 


Days :-—1 2 3 4 5 6 7 8&over Total 
Cases treated with antitoxic globulin 5 7 5 2 3 0 1 0 23 
Cases treated with whole serum ... 1 4 10 ha) 3 a 5 36 


The concentration of antitoxin made possible by the elimination of 
the non-antitoxic substances is not only a convenience but is of 
distinct importance as it encourages the use of large doses. 

The antitoxic globulin solution tends to become slightly cloudy 
when kept at moderate or high temperatures and certain substances, 
such as solutions of carbolic acid and trikresol, precipitate it. 


Summary and Conclusions upon the Value of “ Refined” Antitoxin. 


The results obtained in this series of 100 cases are so definite 
that it seems safe to conclude that the removal of a considerable 
portion of the non-antitoxic proteids from the serum by the Gibson 
method eliminates much of the deleterious matter, so that rashes, 
joint pains, fever and other constitutional disturbances are less likely 
to occur from the injection of antitoxic globulin solution than from the 
injection of the antitoxic serum from which it was obtained. 

The globulins accompanying the antitoxin in the Gibson preparation 
are capable of exciting rashes and occasionally constitutional disturb- 
ances. It is probable that methods will be devised to refine antitoxin 
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still further and so possibly eliminate all the appreciable deleterious 
effects of the antitoxic serum. 

Whether the globulin preparation is less liable than the serum to 
cause collapse in cases of peculiar susceptibility, such as those suffering 
from the status lymphaticus, is still undetermined. It has now been 
used in several thousand cases without accident. 


Calcium Salts as a Preventative of Serum Sickness. 


Netter (1906) has recently published a clinical study in which the 
internal administration of calcium chloride is advocated as a preventative 
of serum rashes. On the day of the injection and on the two following 
days he gives one gramme of calcium chloride. If more than 40 c.c. of 
serum are injected larger doses of the salt must be given and the 
treatment must be continued over a longer period. He claims to have 
had excellent results. 

We have had absolutely no experience with this method. 


THEORIES AS TO THE CAUSE OF SERUM SICKNESS. 


Hamburger and Moro thought that the serum rashes were directly 
connected with precipitin formation, and in fact believed them to be 
due to precipitin formation in the capillaries. This view, however, 
was abandoned after Rostoski, Michaelis, and Oppenheimer showed that 
precipitin formation only took place in the test tube and did not occur 
in the living body. Further vy. Pirquet and Schick (1905) showed 
that rashes often developed before the precipitins could be demonstrated, 
and, on the other hand, that precipitins may be abundant and yet no 
serum symptoms occur. 

Nevertheless these authors believe that serum sickness is due to a 
chemical reaction between the horse serum and certain antibodies in 
the person injected. They are certain that these antibodies are not 
identical with the precipitins. They explain the long incubation 
period by regarding it as the interval necessary for the production 
of the antibody in response to the stimulus produced by the foreign 
serum. This antibody eventually reacts with some of the serum still 
present in the tissues. They point to the fact that a reinjection is 
associated with a shortened period of incubation which, according to 
them, is strong evidence of the correctness of the above explanation. 
The incubation period is lessened because the cells can now produce 
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the antibody more quickly. In addition to this “accelerated reaction ” 
v. Pirquet and Schick cite cases of “immediate reactions.” Such an 
immediate reaction may be produced during a period not earlier than 
12 days after the primary injection and not much later than about nine 
months after. During this time they believe the injected person 
contains some free antibody which, when brought into contact with the 
exciting serum (a reinjection), produces at once symptoms similar to 
those produced originally. If, however, the reinjection is performed 
sooner than the 12th day there is merely an “accelerated reaction,” for 
up to that time no free antibody has been produced. 

The immediate reaction seems to be comparable to the pheno- 
menon described by Rosenau and Anderson (1906), and by Otto. 
These authors showed that very small injections of horse serum 
sufficed to make guinea-pigs extremely susceptible to subsequent 
injections of antitoxic or normal horse serum, provided the second 
injection was made 10 days or more after the first inoculation. Even 
feeding with horse meat sensitised guinea-pigs. 

While guinea-pigs exhibit this phenomenon, other animals, and 
especially man, do not seem to be affected to the same extent. 
Children have in many instances been injected with anti-diphtheritic 
horse serum at intervals of two weeks without the production of 
serious symptoms. The few cases of sudden death on record have 
all occurred after the first injection of serum. 

In many hundreds of hospital cases of which we have thorough 
knowledge a second immunising injection of antitoxin after an interval 
of two or three weeks has not produced more severe after-effects than 
the original injection. Some authors, however, have reported severe 
reactions with signs of collapse but no fatal cases. 


SUDDEN DEATH AFTER AN INJECTION OF SERUM. 


From time to time, but at long intervals, cases of sudden death 
after an injection of antitoxin have been reported. On closer investiga- 
tion some of these clearly appear to be due to heart paralysis caused by 
the diphtheritic toxaemia. In a few cases death cannot be ascribed 
to this cause, and in a few others the cause cannot be considered as 
settled. 


During 11 years over 50,000 persons in New York City have been injected with 
serum from the Department of Health and only two cases of sudden death after 
serum injection have been reported. In one family a two year old child suffering 
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from diphtheria received 5000 units, and a healthy sister of six 1000 units. 
The inspector who had injected them left in about 10 minutes, as up to that time 
he had noticed no bad after-effects. A few minutes later, according to the mother, 
the immunised child suddenly collapsed and in a few moments was dead. An 
autopsy revealed the fact that the child had the status lymphaticus strongly 
marked. The sister, who received the larger injection from the same bottle, had no 
bad after-effects and made a good recovery. 

The other case was that of a young lad, 16 years old, who was suffering from a 
well developed, but not malignant, pharyngeal diphtheria. He had been ill about 
24 hours. He received the injection while in bed and did not seem to suffer from it 
at the moment. The physician and nurse left the room for a moment. They 
heard a peculiar sound and quickly stepped back into the room and found the boy 
dead. No autopsy was performed. 

The following case of sudden collapse has also come to our knowledge. 

A young man with a moderately severe attack of diphtheria was injected with 
about 5 c.c. of serum. In about two minutes he felt a tingling sensation and soon 
afterwards felt faint and as if sinking. Everything became black and he became un- 
conscious. The physician found him cyanotic and with a very rapid heart action, 
and at once injected strychnine and carried out artificial respiration. In a few 
minutes the patient began to regain consciousness and in about half an hour was in 
the same condition as before the injection. 


THE DURATION OF IMMUNITY. 


It was early recognised that diphtheria antitoxin could be employed 
in immunising those exposed to diphtheria infection, and this use of 
the serum was advocated especially in France and in the United States. 
Thus in 1896 Biggs and Guerard were able to collect statistics dealing 
with over 17,000 persons injected with immunising doses, the great 
majority of whom had been in contact with diphtheria. Out of this 
large number only 131 were attacked by the disease, 110 within 30 
days and 21 after that time. Of these 131 only two died. 

Netter (1902) has collected the results of 34,350 immunising 
injections. In spite of the injections 206 (06 7/) of the persons 
developed diphtheria. Most of the observations deal with orphan 
asylums, schools, foundling asylums and the like. 

Experience has proved that complete immunity is secured for only 
a short time. Four weeks is probably the average duration of immunity, 
but in some cases it is complete for only 10 to 14 days. At the 
Eleventh Congress for Hygiene and Demography, held at Brussels in 
1903, practically all the observers agreed that passive immunity lasts in 
most cases for about three weeks, and that the injection of even large 
doses of serum is unable to greatly prolong this period. This fact 
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is scarcely surprising when we remember that in the pre-antitoxin days 
second attacks of diphtheria were occasionally observed four to six 
weeks after the primary attack. Zuppinger (1904) has published a 
report on 1000 immunising injections in immediate relatives, nurses 
and others exposed to infection. Eighteen of the 1000 developed the 
disease within the first three or four weeks, but of these 11 showed 
symptoms within three days of the injection. These were probably 
already infected at the time of injection. The dose employed was 
100 to 200 units. 

Ibrahim has recently published a study on a large number of cases 
treated with antitoxin. Out of these he mentions eight in which 
second attacks occurred after 20, 21, 25, 31, 40, 41, 43, and 59 days 
respectively. Only such cases as developed typical whitish membrane 
on the throat and all the clinical symptoms of diphtheria were counted 
as relapses. 

This point is important because so-called secondary membranes are 
frequently observed on the 8th—12th day. These are usually yellowish 
in colour and easily rubbed off and the patients lack the other clinical 
evidences of diphtheria. 

In view of the short duration of both passive and active immunity 
it is advisable to repeat immunising injections every three weeks in 
persons exposed to diphtheria for a long time. 


REPEATED INJECTIONS OF ANTITOXIN. 


In view of the recent studies on immunity a number of observers 
have suggested that the injection of diphtheria antitoxin might be 
followed by the production of an antibody which would nullify the 
action of subsequent injections of antitoxin. Such a phenomenon 
is however never observed, and up to the present it has not been 
possible to produce an anti-antitoxin by injections of antitoxin. The 
injection of an antitoxic serum can, at the most, give rise to the 
development of a specific precipitin, which, in test tube experiments, 
causes a precipitate in the serum used for injection. 

This precipitate carries down with it some of the antitoxin. Such 
a precipitation, however, does not occur in the body, and in the 
clinical use of antitoxic serum the precipitins are entirely without 
effect. 

The effect of repeated injections in relation to serum sickness has 
already been discussed. 
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Abscesses, secondary to diphtheria 101, 
116 
diphtheria bacilli non-virulent in 239 
virulent in 373-375 
virulence not tested 
368, 374 
diphtheria-like bacilli in 351, 368-372, 
376, 381, 387 
other organisms in 116 
Adrenals, diphtheritic lesions of (man) 
113 
diphtheritic lesions of (animals) 267, 
270 
Adsorption theory (Bordet) 564 
Aetius 4 
Ageglutination experiments 
diphtheria bacilli 226, 572 
diphtheria-like bacilli 228 
Hofmann’s bacilli 227 
Air, diphtheria bacilli in 320 
Air-borne diphtheria 320 
Alligator, susceptibility to toxin 452 
American diphtheria bacillus 462 
‘* Anaphylaxia”’ 627 
Andrade’s stain 145 
Animal and human diphtheria 31, Chapter 
VII 
Animals, diphtheria bacilli in 285, 288 
diphtheria-like bacilli in 281, 291, 292 
effects of injections of heterologous sera 
626, 628 
susceptibility to toxin 471 
Anti-antitoxin, production of 568, 638 
Anti-microbial diphtheria serum 571 
Antiseptics, effects on cultures 170 
effects on bacilli in mouth 422 
ANTITOXIN 
absorption from 
565 
action in clinical cases 566 
alimentary canal, absorption from 567 
anti-antitoxin, production of 568, 638 
cold, effects on 519 
collapse, due to 636, 637 
concentration of 527 
maximum in blood 515 
curative strength of 525 


subcutaneous tissue 


N. D. 


ANTITOXIN (cont.) 

death, sudden, following 636 

disappearance from blood, rate of 566 

discovery of 48, 500 

extent to which used 611 

filtration of 520 

gases, effects on 519 

heat, effect on 518 

horses, in blood of normal 454 
duration of producing power 516 
variations in producing power 514, 

516 

hypersensibility to 627 

isolation of 527 

light, effects on 519 

man, in blood of normal 453 

‘‘marche ondulatoire” 505 

maximum concentration in blood 515 

mechanism of production 532 
Ehrlich’s theory of 533 

multiplicity of antitoxins 547 

passive immunity, production of 565 

preventive strength of 525 

production, curve of 505, 510 
Ehrlich’s theory of 533, 546 
Hofmann’s bacillus, by 224 
mechanism of 532 
morphine, effects on 506 
pilocarpine, effects on 506 
technique of 504 
toxin, introduced by mouth, by 

546 

toxin, introduced by rectum, by 497 

prophylactic injections of 431, 440, 610 
diphtheria following 431 
duration of immunity 637 
serum disease following 638 
statistics of 637 

rate of disappearance from blood 566 

rats, in blood of 452 

‘‘receptors”’ in production of 546 

‘‘yrefined,” treatment with 632 

repeated injections of 627, 636, 638 

“standard” 521 

subcutaneous tissue absorption from 565 

technique of production 504 

temperature, effects on 519 

testing, Ehrlich’s method 520 
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ANTITOXIN (cont.) 
French method 525 
technique of 523 
time of administration, influence of 593 
toxin, interaction with 538, 561 
acids and bases, analogy with 475, 
549 
adsorption views on 564 
Arrhenius and Madsen’s theory 549 
blood, rate of in 545, 566 
Bordet’s views on 564 
dissociation of 553 
Ehrlich’s theory of 542 
heat, influence of 540 
factors influencing 540 
treatment, case mortality 591 
clinical effects of 610 
results of in large cities 599 
in operative cases 597 
summary of 609 
unit of 473 
combining units of 477 
Anus, diphtheria of 386 
Aretaeus 3 
Arrhenius and Madsen’s theory 549 
criticisms of 561 
summary of 560 
Askara 3 
Avian and human diphtheria 44, 294 


Bacillary versus toxic immunity 452 
Bacillus albus variolae 377 
auris 368 
ceruminis 369 
clavatus 387 
coryzae segmentosus 361 
diphtheriae see diphtheria bacillus 
diphtheroides 328 
brevis 351 
citreus 350 
gallinarum 297 
liquefaciens 353 
Hofmanni see Hofmann’s bacillus 
maculatus 349 
muris 291 
variabilis lymphae vaccinalis 376 
werosis 363 
canis 292 
variolae 377 
Bacteriology of diphtheria Section III. 
Bacteriolysins 
for diphtheria bacilli 229 
diphtheria-like bacilli 355 
Hofmann’s bacilli 229 
Bats, influence of toxin on 545 
Birds, diphtheria in 
experimental 293 
naturally acquired 294 
relation to human 294 
bacteriological observations on 
294 
clinical observations on 299 
opinions on 300 
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Birds (cont.) 
diphtheria-like bacilli in 296 
diseases in 32, 43, 294 
Hofmann’s bacillus, effects of 220 
Holmes’ observations 301 
Blood, changes in 104, 625 
diphtheria bacilli in 99, 447 
diphtheria-like bacilli in 447 ; 
rate of toxin-antitoxin combination in 
545, 566 
Bone-marrow, changes in 103 
Bordet’s adsorption theory 564 
Brain, diphtheria bacilli in 387, 447 
Branching diphtheria bacilli 45, 137 
Breast, diphtheria of 374 
Bretonneau 14 
Bronstein’s stain 144 
Brush, virulent bacilli found on 308 


Cancrum oris, due to diphtheria bacilli 348 
Capsules, stains for 147 
Cats, diphtheria in 
accidentally acquired 280 
experimental 278 
naturally acquired 280 
diphtheria-like bacilli in 281 
infection from 281 
Cerebro-spinal fluid 
diphtheria bacilli in 386 
diphtheria-like bacilli in 387, 447 
Circulation, influence of toxin on 487 
Cladius’ stain 141 
Classification of diphtheria bacilli 
by morphology 128 
by virulence 179 
CLINICAL CASES OF DIPHTHERIA 
antitoxin, occurring in spite of 431 
bacteriological diagnosis 340, 401 
diphtheria bacilli in 180 
virulence of 174, 179 
diseases simulating 354 and Chapter IX. 
Hofmann’s bacillus in 243, 246, 255 
infection from 306 
isolation of 398 
notification of 396 
release from isolation 406 
(see also convalescents) 
Cobbett’s medium 150 
stain for bacilli 140 
in diagnosis 338 
for polar bodies 144 
Cole’s stain 143 
**Congestin,” action of 627 
CONTACTS 
antitoxin, prophylactic injections into 
bacteriological diagnosis of 341, 401 
diphtheria bacilli in 182 
persistence of in 233, 419 
virulence of 231 
Hofmann’s bacillus in 209 
virulence of 256 
infection from 314, 424, 435 
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CONTACTS (cont. ) 
isolation of 403 
isolation homes for 405 
notification of 397 


proportion infected with diphtheria bacilli 


attendants 183 
families 182 
schools 184 
release from isolation 406 
results of isolation of in 
families 424 
hospital wards 426, 440 
institutions 425 
schools 425 
towns 427 
summary of 431 
CONVALESCENTS 
bacteriological diagnosis 341, 401 
diphtheria bacilli in 
change of type in 242 
persistence of 233, 419 
virulence of 233 
Hofmann’s bacilli in 243 ete. 
virulence of 256 
infection from 318, 417, 424 
release from isolation 406 
Corynebacteria 45, 122 
Corynebacterium lymphae vaccinalis 377 
vaccinae 377 
Cows, experimental diphtheria in 282 
cutaneous inoculation 284 
feeding experiments 284 
naturally acquired 285 
diphtheria-like diseases in 32 
Crouch’s stain 143 
Croup 575 
Cynanche 3, 576 


Dairies, examination of 399 
Damp houses, influence of 70 
Dean’s medium 466 
Death-rate from diphtheria, England 56 
large cities 599 
other countries 60 
Deaths from diphtheria, causes of 118 
Deuterotoxin 483 
a and 8 modifications 484 
DIAGNOSIS, bacteriological Chapter IX. 
bacilli 
cultivation, temperature of 334 
time of 334 
distinguishing characters of 345 
recognition of, in 
contacts 341 
convalescents 341 
healthy persons 342 
notified cases 340 
smear preparations | 330 
various lesions 342 
errors in 343, 390 
media, inoculation of 333 
polar bodies, significance of 339 
pure cultures, making of 344 


DIAGNOSIS (cont.) 


purposes of examinations 340 
smears direct from swabs 330 
specimens, preparation of 334 
staining of 338 
swabs, making of 332 
sowing from 333 
(see also membrane and diphtheria-like 
bacilli) 


DIPHTHERIA 


Aetius’ description of 4 
age, influence of 586 
altitude, influence of 585 
animals affected by, sce cats, cows, horse 
Aretaeus’ description of 3 
atypical forms of 
anal 386 
conjunctival 362 
cutaneous 372 
genital 378 
nasal 310, 357 
otorrhoea 314, 366 
rhinitis atrophic 359, 
external 360 
fibrinous 311, 358 
tonsillitis 313, 425 
ulcers 241, 373 
abscesses 373 
bacillus of, see diphtheria bacillus 
bacteria, secondary in, see pneumococci, 
staphylococci, streptococci, etc. 
blood, changes in 104, 625 
breast, of 374 
cold, influence of 582 
damp houses, influence of 70 
deaths from, causes of 118 
death-rate from, England 56 
large cities 599 
other countries 60 
distribution 
in ancient times 2 
16th century 6 
19th century 15 
present geographical 75 
drains, influence of 321, 433 
ear, of 314, 366 
earliest records of 1 
Eastern origin 3 
epidemics of, see Epidemics 
epidemiology of Chapter II. 
epidemic years 62 
prae-statistical period 54 
statistical period 55 
experimental Chapter VII. 
eye, of 362 
fatality 
relation to prevalence 76 
variations in 80 
fingers, of 374 
geographical distribution 75 
heat, influence of 582 
history of, Chapter I. 
houses damp, influence of 70 
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DIPHTHERIA (cont.) 
immunity, see Immunity 
incubation 120 
infection, see Infection 
inoculation, human 18 
animal Chapter VII. 
lips, of 347 
local lesions 
distribution of 87 
nature of 89 
varieties of 86 
membrane of, see Membrane 
mouth, lesions of 347 
names by which it was known 575 
nose, lesions of 310, 357 
occupation, influence of 586 
opinions on nature of, c. 1800 11 
ce. 1850 16 
organs, lesions of 89-102 
local 89-102 
general 
adrenals 113 
blood 104 
bone-marrow 103 
heart 108 
intestines 108 
kidneys 110 
liver 111 
lungs 99 
lymphatic tissue 105 
muscles 113 
nervous system 113 
pancreas 113 
pituitary body 113 
repair of 117 
salivary glands 113 
stomach 97, 447 
spleen 107 
testicle 113 
thyroid 113 
secondary 115-117 
abscess, endocarditis, mediastinitis, 
otitis, pericarditis, peritonitis, 
pleurisy, septicaemia, lesions of 
nasal sinuses 
origin, Hastern 3 
paralyses in, early observations 5 
pathology Chapter III. 
post-scarlatinal, see 
diphtheria 
prevalence, relation to fatality 76 
prize essays on (1812-1816) 10, 27 
race, influence of 585 
rainfall, influence of 64, 586 
rural and urban 73 
scarlet fever, analogy with 71 
and diphtheria 78 
seasonal incidence 80 
sequelae 119 
skin of 373 
soil, influence of 69, 321, 585 
tongue of 347 
treatment in old times 4 


Post-scarlatinal 
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DIPHTHERIA (cont.) 


by chemical agents 47 
Loeffler’s early observations 32 
antitoxin, see Antitoxin 
umbilicus of 374 
urban and rural 73 


DIPHTHERIA-BACILLUS 


abscesses, in 373-375 
acids, effect of 161 
production of 154, 225 
agar cultures 151 
agglutination experiments 226 
air, in 320 
alkalis, effects of 161 
anaerobic cultures 166 
Andrade’s stain 145 
animals affected by, see Cat, Cow, Dog, 
Guinea-pig, Horse, Mice, Rabbit, Rat 
in organs of 289 
summary of 304 
antiseptics, effects on cultures 170 
on bacilli in throat 422 
arrangement 125 
bacteriolysins for 229 
birds, action on, see Birds 
blood, in. 99, 447 
brain, in 387, 447 
branching in culture 137 
frequency of 138 
in membranes 138 
significance of 137 
Bronstein’s stain 144 
broth cultures, characters of 153 
glucose 155 
rate of growth in 158 
sugar-free 162 
virulence in 175 
brush, on 308 
butter, vitality in 172 
cancrum oris, in 348 
capsules, stains for 147 
cerebro-spinal fluid, in 386 
cheese, vitality in 172 
chromogenic cultures 166 
Cladius’ stain 141 
classification, by morphology 128 
by virulence 179 
clinical cases, in 180 
Cobbett’s medium 150 
stain for bacilli 140 
in diagnosis 338 
for polar bodies 144 
cold, effects of 167 
Cole’s stain 143 
colonies, characters of 149 
(see also various media) 
‘‘contacts,” distribution among 182 
conversion into B. Hofmanni 218 
from B. Hofmanni 219 
Crouch’s stain 143 
cultures 
acids, effects on 161 
agar, egg (Capaldi) 152 


DIPHTHERIA-BACILLUS (cont.) 
glycerine 152 
Joos’ 152 
nutrient 151 
urine (Schloffer) 152 
alkalis, effects of 161 
anaerobic 166 
broth, ascites 163 
glucose 155 
nutrient 153 
sugar-free 162 
choice of, for diagnosis 333 
chromogenic 166 
cold, effects of 167 
drying, effects of 168 
egg 164 
gelatin 152 
Hiss’ medium 158 
indol production 164 
inoculation of, for diagnosis 333 
light, effects of 169 
media from organs 163 
milk, as a medium 164 
potato 153 
products in broth 154, 222 
serum media, Cobbett’s 150 
Hayward’s 151 
horse 151 
Kanthack’s 150 
Lorrain Smith’s 150 
Loeffler’s 148 
White’s 151 
sugars, effects of 157, 225 
temperature, effects of 167 
thermal death point 167 
vitality in 166 
whey 164 


diagnosis, see Diagnosis, bacteriological 


discovery of 28 
distribution 
contacts (attendants) 183 
(families) 182 
(hospital wards) 183 
(schools) 184 
(others) 186 
summary of 188 
general conclusions on 197 
healthy non-contaets 189 
membrane, in 98, 125 
noses 196 
notified persons 180 
organs, see diphtheria organs 
drying, effects of 168, 171 
dust, vitality in 169 
found in 308 
ear discharges, in 367 
Epstein’s stain 146 
eye, in 362 
faeces in 448 
Faliéres’ stain 144 
Ficker’s stain 144 
fingers, in lesions of 374 
fistula in ano, in 374, 386 
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DIPHTHERIA-BACILLUS (cont.) 


flagella 148 
floor, found on 308 
foods, vitality in 171 
forms of 127, 130 
gangrene, in 375 
gas production 166 
gelatin cultures 152 
genital organs in, (female) 378 
(male) 380 
glucose, action on 154, 162 
Gram’s stain 141 
growth, mode of 133 
haemolysins for 229 
hair, found on 308 
Hayward’s medium 151 
herpes labialis, in 348, 373 
Higley’s stain 146 
Hofmann’s bacillus, relation to 218, 
260 
Kanthack and Stephens’ medium 150 
impetigo, in 373 
indol production 164 
insane, in, see General paralysis 
intestines, in 448 
involution forms 131 
life, duration of, see Vitality 
light, effects of 168 
Ljubinsky’s stain 146 
Loefiler’s medium 148 
stain for bacilli 139 
for polar bodies 146 
membrane, distribution in 98, 125 
milk, as a food 172 
as a medium 164 
found in 282, 326 
diagnosis in 327 
morphology in culture 125 
in membrane 125 
in smears 124 
changes in, by growth on media 249 
by heating 218 
by passage through animals 252 
by prolonged persistence 242 
by transference 249 
effects of other organism on 245 
methods of recording 346 
at various periods of growth 133 
motility 148 
movements, post-fission 134 
multiplication in organs 290 
mycelial formation 139 
Neisser’s stain 141, 145 
Nicolle’s stain 141 
non-virulent 
abscesses caused by 239 
blood, in 447 
distribution of 177, 185, 192, 195, 
233, 436 
summary of 195 
floor, found on 308 
hair, found on 308 
passage through animals 239 
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DIPHTHERIA-BACILLUS (cont.) DIPHTHERIA-BACILLUS (cont.) 
persistence of 421, 405 vitality in 171 
relation to diphtheria 233, 405 Wesbrook’s types 128 
rats, effects on 239 whey 164 
toys, found on 308 White’s medium 151 
virulence, production of 239 DIPHTHERIA-LIKE BACILLI 
notified persons, in 180 from abscesses 351, 368-372, 381, 387 
organs, in, see diphtheria organs birds 296 
Peck’s stain 145 blood 447 
persistence in throat 233, 419 brain 387 
Piorkowski’s stain 144 cats 281 
Pitfield’s stain 145 cerebro-spinal fluid 387, 447 
polar bodies, see Polar bodies dogs 292 
post-fission movements 134 ear 368 
products in broth 154 eye 363 
Pugh’s stain 146 fowls 296 
pure cultures, making 344 genital organs (female) 379 
pus, in 373-375 (male) 381 
putrefaction, effects of 170 guinea-pigs 292 
recognition of, in diagnosis 340 horse 292 
rectum, in 386 insane, see General paralysis 
relation to B. Hofmanni 218 leprosy 378 
opinions on 260 mice 291 
resistance, powers of, in culture 167 milk 327 
in membrane 171 mouth 348, ete. 
rhinitis, in 358 nose 361 
Roux’s stain 141 pigeons 297 
scatol-carbolyxic acid 165 penis 381 
Schauffter’s stain 144 pus 371 
shape 126 rats 291 
size 126 skin 3878 
skin lesions, in 373 sputum 447 
slow-growing 246, 337 throat 348 
soil, vitality in 169 tonsils (crypts) 447 
spores 139 turkeys 298 
sputum, in 447 urethra 381 
staining methods (see also Stains) 125 urine 386 
stomach contents, vitality in 447 uterus 379 
sugars, action on 157, 225 vaccinia 376 
inferences from 160 vagina 380 
swabs, see Swabs variola 376 
temperature, effects on cultures 167 diagnosis of 387 
polar bodies 142 table of 380 
thermal death point 167 virulent to animals 291, 328, 354, 356, 
types (morphological) 127, 130 370, 380, 445 
stability of 245, 251 man 354 
toxins of, see Toxins Diseases resembling diphtheria Chapter IX. 
ulcers, in 374 Disinfection 398 
urine, in 387 Dissociation of toxin and antitoxin 553 
virulence of, see Virulence Dogs, diphtheria-like bacilli in 292 
vitality on cement 168 experimental diphtheria in 277 
on cloth 168, 308 Drains, influence of 3821, 433 
in culture 166 Dust, diphtheria bacilli in 308 
in food substances 171 vitality in 169 
on glass rods 168 diphtheria-like bacilli in 308 
in glucose broth 155 infection through 320 
in membranes 171, 307 
in milk 172 Kar discharges, diphtheria bacilli in 116, 
in soil 168, 169 314, 366 
in stomach contents 447 diphtheria-like bacilli in 368 
in water 171 Ehrlich’s theory 533, 542 
on wood 168, 308 method of examining toxins 473, 479 


water, found in 320 Electricity, influence on toxin 486 
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EPIDEMICS OF DIPHTHERIA 
bacteriologically investigated 177, 408, 
427 
characters of 590 
causes of (general) 62 
early European records of 5 
English records of 7 
‘*Garotillo” (1581) 6 
influence of 
age 586 
altitude 585 
cold 582 
heat 582 
occupation 586 
race 586 
rainfall 586 
soil 585 
milk, due to 322 
prevention of, see Preventive measures 
(see also Infection, modes of) 
Epidemiological versus experimental im- 
munity 454 
epidemiology Chapter II. 
epidemic years 62 
prae-statistical period 54 
statistical period 55 
Epiglottis, membrane on 96 
Epithelium 
barrier to organisms 455 
changes in, see Membrane 
Epstein’s stain 146 
Experimental diphtheria 120 
(see also various animals, Chapter VII.) 
Kye, diphtheria of 362 
diphtheria-like bacilli in 363 


Face, diphtheria of 373 

Faeces, diphtheria bacilli in 448 
toxin in 497 

Faliéres’ stain 144 

Fatality of diphtheria 
in relation to prevalence 76 
variations in 80 

Fibrinous rhinitis, bacilli in 358 
infection through 311, 438 

Ficker’s stain 144 

Fingers, diphtheritic lesions of 374 

Fistula in ano, diphtheritic 374, 386 

Floor, diphtheria bacilli found on 308 

Food, vitality of diphtheria bacillion 171 

Fothergill 7 

Fountains public, dangers of 320 

Fowls, diphtheria of 44, 294 
diphtheria-like bacilli in 43, 294 

Frogs, susceptibility to toxin 471 


Gangrene, diphtheria bacilli in 375 
‘‘Garotillo” 6 
Gas, production by diphtheria bacilli 166 
by diphtheria-like bacilli (Table) 382 
GENERAL PARALYSIS of the insane Chapter 
XIV. 
diphtheroid organisms in 441 
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GENERAL PARALYSIS (cont.) 
characters of 444 
occurrence in blood 442 
genitalia 442 
mouth 442 
tissues 443 
Eyre and Flashman’s observations 445 
histology of organs 443 
Genital organs, diphtheria of 378 
diphtheria-like bacilli in 379 
Geographical distribution of diphtheria 75 
Glucose, action of diphtheria bacilli on 
154 
diphtheria-like bacilli 382 
Hofmann’s bacilli 204 
Gram’s stain 141 
Guinea-pigs 
choice of, for estimating virulence 176 
death, time of, from diphtheria 173, 
266 
diphtheria bacilli in organs 289 
diphtheria-like bacilli in organs 292 
disease peculiar to 176 
inoculation experiments 
on to cornea 273 
intraperitoneal 272 
on to mucous surfaces 273 
subcutaneous 267 
into testes 273 
tracheal 273 
lesions, histological 268 
brain 271 
heart 271 
intestines 271 
kidneys 270 
leucocytes 272 
liver 270 
lungs 270 
lymphatic tissues 268 
muscles 271 
pleural effusion 272 
seat of inoculation 268 
suprarenal bodies 270 
vessels 271 
macroscopic 173, 267 
natural immunity in 176 
paralyses in 274, 476, 490 
‘*receptors’’ distribution of 546 
toxin, susceptibility to 452, 471 


Haemolysins for diphtheria bacilli 299 

Hair, diphtheria bacilli found on 308 

Haptine 461 

Haptophorous group of toxin, ete., 475, 
533 


Hayward’s medium 151 

Healthy persons, diphtheria bacilli in 189 
bacteriological diagnosis in 342 

Heart, diphtheritic lesions of 108 
effects of toxin on 492 

Hemitoxin 481 

Herpes labialis, diphtheria bacilli in 348, 

373 


rie Index 


Higley’s stain 146 
Hiss’ medium 225 
History of diphtheria Chapter I. 
HOFMANN’S BACILLUS Chapter V. 
agar cultures 203 
agelutination 227 
anaerobic cultures 204 
animals, effects on 204 
antitoxin, production of 224 
arrangement 199 
bacteriolysins for 229 
birds, effects on 220 
branching forms 202 
broth cultures 203 
conversion into B. diphtheriae 219 
from B. diphtheriae 218 
cultures, agar 203 
anaerobic 204 
broth, glucose 204 
nutrient 203 
gelatin 203 
Hiss’ medium 225 
indol production 204 
milk 204 
potato 203 
products 222 
serum 202 
sugars, action on 204, 225 
temperature, effects of 202 
whey 204 
definition of 199 
distribution of 205, 212, 248 
flagella 202 
gelatin cultures 203 
glucose, action on 204 
growth, mode of 201 
haemolysins for 229 
Hiss’ medium 225 
immunity produced by 224 
indol production 204 
involution forms 201 
milk as a medium for 204 
morphology 199 
changes in by cultivation 219, 259 
by passage through animals 259 
at various periods of growth 201 
motility 202 
movements, post-fission 202 
pathogenicity to man 252 
polar bodies in 201, 339 
post-fission movements 202 
potato cultures 203 
pseudo-diphtheria type 200, 247 
relations to diphtheria bacilli 215 
opinions on 260 
replacing diphtheria bacilli 242 
scatol-carbolyxic acid 204 
seasonal prevalence 213 
serum cultures 202 
shape 200 
size 200 
smear preparations, in 199 
spores 202 


HOFMANN’S BACILLUS (cont. ) 
staining 200 
sugars, action on 204, 225 


temperature, effects on cultures 202 


thermal death point 202 
toxoids of 222 
transference, mode of 210 
types of 200, 247 
virulence, to animals 204, 254 
to birds 220 
to man 253 
of bacilli from various sources 


254 


changes of, by passage through animals — 
258 


by growth with other organisms 
259 


summary of 257 
whey 204 
Home’s work, influence of 9 
Homes, isolation 405 
Horse, antitoxin production in 506 


(see also Immunisation and Antitoxin) 


diphtheria in (natural) 288 

diphtheria-like bacilli in 292 

susceptibility to toxin 471 
Houses damp, influence of 70 


Hospitals, proportion of cases sent to 580 


Ichthyotoxin 461 
Immunisation 
of horses (active) 457, 504 
phenomena during 504 
results of 514 
technique of 506 
with modified toxin 506 
unmodified toxin 509 
of man (active) 517 
IMMUNITY 
acquired 456 
active 457 
duration of, in man 638 
antitoxic 457 
artificial 456 
bacillary versus toxic 452 
definition of 449 
duration of passive 566 
Ehrlich’s theory of 533, 542 


epidemiological versus experimental 454 


haematogenous 457 
histogenous 457 
individual 451 
inherited 458 
transmission of 569 
isopathic 457 
local, mechanism of 455 
mechanism in different diseases 
628 
natural 451 
causes of 452, 545 
individual 451 
racial 451, 471 
specific 452, 471 
passive 457, 563 


450, 
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IMMUNITY (cont.) 
duration of 566, 637 
racial 451, 471 
specific 451 
types of 449 
Impetigo, diphtheria bacilli in 373 
Incubation period of diphtheria 120 
Indol, production by diphtheria bacilli 
164 
Hofmann’s bacilli 204 
diphtheria-like bacilli 382 
INFECTION, modes of Chapter VIII. 
air borne 320 
bacilli, personal conveyance of 318 
protective mechanism at sites of 454 
through animals 281, 300 
articles (infected) 307, 319 
atypical cases 309-318, 436 
birds 305 
contacts 314, 424, 435 
convalescents 318, 417, 424 
drains 321, 433 
dust 308, 321 
food 320 
laboratory infection 322 
milk 322 
sewer gas 321 
slates (school) 
soil 321 
speaking tubes 307 
transference direct 
water 320 
Infectivity versus virulence 589 
Inoculation, experiments on man 18 
(see also Animals) 
Insane, see General paralysis 
Insects, susceptibility to toxin 452 
Intestines, diphtheritic lesions of 108 
vitality of diphtheria bacilli in 448 
ISOLATION, of clinical cases 398 
of infected contacts 403 
period of 406 
results of in families 
hospital wards 426 
institutions 425 
schools 425 
towns 427 
summary of 431 


440 


306 


424 


Isolation homes for infected contacts 405 
Kanthack and Stephens’ medium 150 
Kidneys, diphtheritic lesions of 110 
L, and Ly) dose 473 

determination of 523 
Laboratory infection 322 
Leprosy, diphtheria-like bacilli in 378 


Leptothrix producing membrane 394 
Lesions, local diphtheritic 86 

general 102 

nature of 89 

secondary 115 
Leucocytes, diphtheritic changes in 104 


Light, effects on B. diphtheriae 168 
on antitoxin 519 
on toxin 468, 485 
Liver, lesions of 111 
diphtheria-like bacilli in 
Ljubinsky’s stain 146 
Loeffler’s medium 148 
observations (early) 28 
stain for bacilli 139 
polar bodies 146 
Lungs, lesions of, in man 99 
guinea-pigs 270 
bacteria in 102 
Lymphatic tissue, lesions in animals 
in man 105 


387 


Marmots, effects of toxin on 545 
Martin’s medium 465 
MEDIA for diphtheria bacilli 
agar, egg (Capaldi) 152 
glycerine 152 
nutrient 151 
sodium albuminate (Joos) 
urine (Schloffer) 152 
broth, ascites 163, 177 
glucose 155 
nutrient 153 
sugar-free 162 
choice of, for diagnosis 
egg 164 
gelatin 152 
Hiss’ medium 158 
method of inoculating 333 
milk 164 
potato 153 
serum, Cobbett’s 
Hayward’s 151 
horse 151 
Kanthack’s 150 
Loeffler’s 148 
Lorrain Smith’s 
White’s 151 
whey 164 
MEMBRANE, DIPHTHERITIC 
bacilli distribution in 98, 125 
branching bacilli in 138 
diagnosis by anatomy 390 
distribution of 87 
on anus 386 
bronchi 100 
conjunctiva 98 
duodenum 98 
ear 367 
epiglottis 
larynx 96 
lips 347 
nose 98, 310, 357 
oesophagus 97 
penis 380 
pharynx 96 
rectum 386 
skin 98, 372 
stomach 97 


152 


333 


150 


150 


96 
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268 
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MEMBRANE, DIPHTHERITIC (cont.) 
tongue 97, 347 


tonsils 95 
trachea 92, 96 
vagina 378 


wounds 375 
epithelium, early changes in 89 
cubical 91 
cylindrical 90 
squamous 90 
exudation 91 
gross characters of 88, 390 
histological structure of 92 
repair of 117 
submucous changes 94 
vitality of bacilli in 171, 307 
MEMBRANE, NON-DIPHTHERITIC 
diagnosis by anatomy 390 
due to B. coli 392 
bacillus of Friedlander 392 
B. fusiformis 392 
Brisou coccus 391 
leptothrix 394 
pneumococcus 391 
staphylococcus 391 
streptococcus 391 
syphilis 395 
yeasts 395 
Mice, diphtheria-like bacilli in 291 


“receptors” distribution in 546 
resistance to diphtheria bacilli 277 
toxin 471 
Milk 


dairies, examination of 399 
diagnosis of bacilli in 327 
diphtheria-like bacilli in 327 
epidemics due to 322 
growth of diphtheria bacilli in 
as a food 172 
as a medium 164 
virulent diphtheria bacilli in 282, 326 
Minimal lethal dose (m.u.p.) of toxin 469 
calculation by loss of weight 470 
by time of death 470 
Mortality, different ages at 586 
influence of hospital treatment 580, 593 
operative cases in 597 
prae-antitoxin 575 
various outbreaks in 574 
(see also Antitoxin treatment, results) 
Mouth, diphtheritic lesions of 347 
diphtheria-like bacilli in 348-357 
persistence of diphtheria bacilliin 233, 
419 


Mucous membranes, action of toxinon 449 
Muscles, diphtheritic lesions of 114 
Musical instruments, spread by 307, 440 


Negative bacteriological examinations (mis- 
leading) 
causes of 414 
number for release 418 
records of 415 


Index 


Neisser’s stain 141, 145 
‘in diagnosis 339 
Nervous system, diphtheritic lesions of 
12 


Nicolle’s stain 141 

Non-virulent diphtheria bacilli, 
theria bacillus 

Nose, diphtheritic lesions of 98, 310, 357, 
361 


see diph- 


diphtheria-like bacilli in 361 
Notification, bacteriological examinations, 
effect on 578 
of clinical cases 396 
of infected contacts 397 
Notified persons, see Clinical cases 


Oesophagus, diphtheritic lesions of 97 
Origin of diphtheria 3 


Pancreas, diphtheritic lesions of 113 
action on toxin 498 
Paralyses, early observations on 5 
(see also guinea-pig, rabbit, toxone) 
Park and Williams No. 8 diphtheria 
bacillus 462 
Pathogenicity of B. diphtheriae, see Viru- 
lence 
Pathology of diphtheria Chapter III. 
Peck’s stain 145 
Penis, diphtheria of 380 
Persistence of diphtheria bacilli in the 
throat 233, 419 
attempts to shorten 422 
Pharynx, membrane on 96 
diphtheria-like diseases of Chapter IX. 
Pigeons, diphtheria-like bacilli in 297 
diphtheria-like diseases in 32, 43 
toxin, susceptibility to 471 
Piorkowski’s stain 144 
Pitfield’s stain 145 
Pituitary body, diphtheritic lesions of 113 
Pneumococci in lung 102 
in middle ear 116 
in pericarditis 117 
in pleurisy 117 
in sinuses of nose 115 
producing membrane 391 
POLAR BODIES 
age of culture effects of 141 
glycerine, effects of 142 
occurrence in diphtheria bacilli 
B. Hofmanni 201, 339 
other organisms 282 
during growth 141 
relation to branching 137 
virulence 143 
significance in diagnosis 339 
stains, special for (see Stains) 141 
swab preparations in 330 
temperature, effects of 142 
Post-fission movements 134 
POST-SCARLATINAL DIPHTHERIA Chap- 
ter XIII. 


128, 141 


Index 


POST-SCARLATINAL DIPHTHERIA (cont.) 
antitoxin, prophylactic injections in 440 
bacteriological examinations 436 
origin from hospitals 434 

sanitary defects 433 

unrecognised cases 435 
prevalence of 432 
prevention of 438 
spread of 437 

PREVENTIVE MEASURES 

general 
dairies, examination of 399 
disinfection 398 
isolation of clinical cases 398 
notification of clinical cases 396 
infected contacts 397 
schools, closure of 399 
source of infection, search for 398 
Sunday schools, influence of 400 
special (bacteriological) 
antiseptics, use of 422 
antitoxin, prophylactic injections 431, 
440 


bacteriological examinations 
of clinical cases 401 
convalescents, contacts 401 
old cases 416 

isolation of infected contacts 403 
period of 406 

isolation homes 405 

negative bacteriological examinations 
causes of 414 
number for release 418 
records of 415 

persistence of bacilli 419 
attempts to shorten 422 

results of isolation 
families 424 
hospital wards 426 
institutions 425 
schools 425 
towns 427 

summary of 431 

Prize essays (1812, 1816) 10, 27 
Prognosis, prae-antitoxin period 580 


Prophylactic injection of antitoxin 431, 
440, 610 

diphtheria following 431 
Prototoxin 483 

a and 8 modifications 484 
Pseudo-diphtheria bacillus) 123, 199 
Ptomaines 461 
Pugh’s stain 146 
Pure cultures, making of 344 

necessity for in diagnosis 245, 264 


relation to morphology 245 
Pus, diphtheria bacilli in, see abscesses 
diphtheria-like bacilliin 371 


Rabbits 
death, time of, in 274 
diphtheria bacilli in organs 290 
inoculation experiments 
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Rabbits (cont.) 
conjunctival 276 
intravenous 275 
subcutaneous 274 
tracheal 276 
lesions of 274 
toxin, susceptibility to 471 
Rainfall, influence on diphtheria 64 
Rats, antitoxin in blood of 452 
diphtheria-like bacilli in 291 
non-virulent diphtheria bacilli, effects of 
239 
inoculation experiments 277 
toxin, resistance to 452, 471 
“Receptor” 533 
Rectum, diphtheria of 386 
Repair of diphtheritic lesions 117 
Rhinitis, diphtheritie 358, 437 
Ricin 461, 497 
and anti-ricin 541 
Roux’s stain 141 
Rural and urban diphtheria 73 


Salivary glands, diphtheritic lesions of 113 
Scarlet fever and diphtheria 71, 78 
Scatol-carbolyxic acid 165 
Schauffter’s stain 144 
School children 
infected contacts amongst 184 
isolation of 405 
results of isolation of 424 
spread of diphtheria amongst 310-316, 
425 
mode of 318 
Schools, closure of 399 
Sunday, influence of 400 
Seasonal incidence of diphtheria 80 
of Hofmann’s bacillus 213 
Secondary diphtheritic lesions 115 
Septicaemia 450 
Sequelae of diphtheria 119 
SERUM SICKNESS 
accelerated reaction 636 
albuminuria, due to 626 
animals, in 628 
blood changes in 625 
bronchitis in 627 
causation of, theories 617, 628, 635 
diarrhoea in 627 
differential diagnosis of 629 
fatal ending 619 
fever in 620 
general account of 616 
general condition of patients 
haemorrhage in 627 
immediate reaction 627, 636 
incubation stage 620 
joint pains 625 
in animals 626 
lymph glands in 618, 624 
mucous membranes 627 
oedema due to 618, 626 
precipitins, relation to 627 


619, 636 
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SERUM SICKNESS (cont.) 
prodromal signs 618 


prophylactic measures against 631 


calcium salts. 635 

“yvefined”’? antitoxin 632 
rashes 617, 621 
treatment 631 


Sewer-gas, effects on cultures 240, 322 


relation to diphtheria 321 


Sheep, susceptibility to toxin 471 


‘* Side-chain” 533 

Sinuses of nose, lesions of 115 
bacteria in 115 

Skin lesions, diphtheritic 373 
diphtheria-like bacilli in 378 


Slates (school), spread by 319, 440 


Smear preparations 
direct from swabs 124, 330 
from cultures 334 


Soil, diphtheria-like bacilli in 321 
influence on diphtheria 69, 321 


_ vitality of bacilli in 169, 321 
Speaking tubes, spread by 307 


‘* Spectrum,” Ehrlich’s toxin 479 
Spread of diphtheria, see Infection 
Spleen, diphtheritic lesions of 107 
Sputum, diphtheria bacilli in 447 


STAINS, for bacilli 
Cladius’ 141 
Cobbett’s 140 
Gram’s 141 
Loeffler’s 139 
Nicolle’s 141 
Roux’s 141 

for capsules 147 

for polar bodies 
Andrade’s 145 
Bronstein’s 144 
Cobbett’s 144 
Cole’s 143 
comparison of 147, 339 
Crouch’s 143 
de Rovaart’s 144 
Epstein’s 146 
Faliéres’ 144 
Ficker’s 144 
Higley’s 146 
Loeffier’s 146 
Ljubinsky’s 146 
Neisser’s 141, 145 
Peck’s 145 
Piorkowski’s 144 
Pitfield’s 145 
Pugh’s 146 
Schauffter’s 144 

Staphylococci 

in abscesses 116 
blood 116 
lung 102, 115 
middle ear 116 
pleurisy 117 
sinuses of nose 115 
producing membrane 391 


Index 


Status lymphaticus, effects of serum injec- 
tions in persons suffering from 635, 
637 


‘Stomach, diphtheria of 107 


Stomach contents, effects on bacilli 447 
Streptococci 
causing secondary lesions 87 
abscesses 116° 
blood lesions 116 
endocarditis 117 
lung lesions 102 
mediastinitis 117 
middle ear lesions 116 
pericarditis 117 
peritonitis 117 
pleurisy 117 
sinuses of nose, lesions of 115 
producing membrane 391 
Streptothrices’ resembling diphtheria bacilli 
357 
Swabs, inoculation of media from 333 
making of 332 
precautions in taking 332 
Sweets, spread by 318, 320 
Synanche 3 
Syphilis, resembling diphtheria 396 


Talmud, references in 2 
Testicle, diphtheritic lesions of 113 
Tetanus toxin 452, 497 
and antitoxin 502, 504, 532, 551 
Throat, see Mouth 
Thyroid, diphtheritic lesions of 113 
Tissues, fixation of 84 
staining of 84 
Tongue, diphtheria of 97, 347 
Tonsillitis, diphtheritic 95, 313 
due to diphtheria-like bacilli 354 
simulating diphtheria 391 
Tonsils, changes in 107 
Toxaemia 450 
with antitoxin in blood 507 
Toxalbumins 461 
Toxigenic property 450 
persistence of 464 
TOXIN 
acids, influence on 487 
action, characters of 460 
alimentary canal, behaviour in 496 
alkalis, influence on 487 
alligator, susceptibility to 452 
animals, effects on 
intracerebral injection 491 
subcutaneous injection 490 
susceptibility to 471 
antitoxin, interaction with 588, 561 
acids and bases, analogy with 475, 
549 
adsorption, views on 564 
Arrhenius and Madsen’s theory 549 
criticisms of 561 
summary of 560 
blood in, rate of 545, 566 
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TOXIN (cont.) - 


Bordet’s views on 564 
dissociation of 553 
Ehrlich’s theory on 542 
bacilli producing soluble 460 
bacterial growth, influence on 488 
bats, effects on 545 
body, fate in 494 
in refractory animals 495 
susceptible animals 494 
chemical agents, influence on 487 
circulation, effects on 492 
conditions modifying production 463 
conjunctiva, action on 499 
constitution of 473, 547 
Arrhenius and Madsen’s views on 549 
Ehrlich’s method of examining 473, 
479 
theory on 547 
conversion into toxoids 474, 548 
cows, susceptibility to 471 
Dean’s medium for production of 466 
decrease of power of 477 
definition of 460 
in widest sense 461 
deuterotoxin 483 
a and B modification 484 
diphtheria bacilli, production by various 
races 178, 462, 467 © 
disappearance from blood, rate of 494, 
545 
discovery of 35, 45, 461 
dogs, susceptibility to 277, 471 
electricity, influence of 486 
elimination of in refractory animals 496 
equivalents of 477 
excretion from kidneys 495 
faeces, presence in 497 
fixation on to cells, rate of 494, 545 
frogs, susceptibility to 471 
general effects of injection 490 
guinea-pigs, susceptibility to 452, 471 
haptophorous group of 475, 533 
heart, effects on 492 
hemitoxin 481 
horses, susceptibility to 471, 509 
injection of, general effects 490 
latent period 490 
local effects 490 
for antitoxin production 504 
frequency of 509, 513 
value of various methods 514 
insects, susceptibility to 452 
intestinal secretion, influence of 497 
isolation of 488 
latent period of action 460, 490 
light, influence of 468, 485 
local effects of injection 490 
L, and Ly) dose 473 
determination of 523 
marmots, effects on 545 
Martin’s medium for production 465 
media used for production 465 


TOXIN (cont.) 


Dean’s 466 

influence of 464 

Martin’s 465 

proteid-free 471 
method of partial saturation 479 
mice, susceptibility to 471 
minimal lethal dose (m.u.p.) 469 

calculation of by loss of weight 470 

time of death 470 

molecule of 475 
mucous membranes, action on 499 
nature of 471 
optimum temperature for production 469 
organ extracts, effects on 498 
origin of 471 
oxydases, influence on 487 
oxygen, influence on 468, 487 
pancreatic juice, effects on 498 
peroxides, influence on, 487 
pigeons, susceptibility to 471 
physico-chemical theory 549 
power, decrease of 477 
production 

conditions modifying 463 

by various races of diphtheria bacilli 

462, 467 

media, influence of 464 

period of maximum 469 

secondary rise in 469 
prototoxin 483 

a and 6 modification 484 
purification of 488 
rabbits, susceptibility to 471 
rats, susceptibility to 452, 471 
reaction, influence of 465 
rectal injections, effects of 497 
sheep, susceptibility to 471 
‘‘spectrum,” Ehrlich’s 479 
systematic lesions, due to 86 
temperature, influence of 468, 486 

optimum for production 468 
test toxin, selection of 522 
time, influence of 485 
toxoids, conversion into 474 
toxophorous group 475, 533 
tritotoxin 483 

a and 6 modification 484 
unit of 473 
urine,-excretion in 495 


Toxinane 557 
Toxoid, action of 476 


discovery of 474 

epitoxoid 475 

immunising agent, as 536, 549 
protoxoid 475 

syntoxoid 475, 481 


Toxoidane 557 
Toxone 475 


action of 476, 547 
characters of 476, 547 
crude toxin in 479 
equivalents of 477 
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Toxone (cont.) 
haptophorous group of 548 
immunising agent, as 536, 549 
origin of 548 
Toxonoids 484 
Toxophorous group of toxin, ete. 
Toys, spread by 308, 318, 440 
Trachea, diphtheria of 96 
Treatment, antitoxic, see Antitoxin 
by chemical agents 47 
Loeffler’s early observations 32 
in old times 4 
Tritotoxin 483 
a and 8 modifications 484 
Trousseau 15 
Turkeys, diphtheria-like bacilli in 298 
diphtheria-like diseases of 299 


475, 533 


Ulcers, diphtheritic 98, 374, 375 
diphtheria-like bacilli in 378 

Umbilicus, diphtheria of 374 

Urban and rural diphtheria 73 

Urethra, diphtheria-like bacilli in 381 

Urine, diphtheria bacilli in 386 
diphtheria-like bacilli in 387 

Uterus, diphtheria-like bacilli in 379 


Vaccinia, diphtheria-like bacilli in 376 
Vagina, diphtheria of 379 
diphtheria-like bacilli in 380 
Variola, diphtheria-like bacilli in 376 
Venesection, operation of in horses 516 
Venins 461, 497 
and anti-venins 
Virchow 16 
VIRULENCE of diphtheria bacilli 
acid production, influence of 175 
ascites broth, influence of 175, 177 
broth, influence of 175 
changes in, by drying 168, 169, 237 
growth with other organisms 238, 463 
heating 237 
passage through animals 
prolonged cultivation 236 
prolonged persistence in throat 233 
transference to others 233, 240 
classification according to 179 
contacts in 182, 231 
convalescents in 233 
decrease of 174, 236 
definition of 450 
different lesions of same person, in 241 
different situations in 241 
abscesses 373 
brain 387, 447 
cerebro-spinal fluid 386 


539, 540 


238, 463 


Index 


VIRULENCE (cont.) 
ear discharges 367 


eye 362 
hair 308 
penis 380 


rhinitis atrophic 359 
external 360 
fibrinous 358 
skin 241, 373 
ulcers 241, 375 
urine 386 
vagina 241, 378 
wounds 375 
dust in 308 
epidemics, in 177, 408 
estimation of 173, 331 
growth on media affecting 175 
healthy persons, in 193 
increase in 238 
infected articles on 
naturally infected 308 
experimentally 168 
milk, isolated from 326 
non-virulent, see Diphtheria bacillus 
obtained from natural animal lesions 
cows 286, 287 
horse 288 
putrefaction, influence of 170 
races of diphtheria bacilli, variations 
among 462 
relation to growth in broth 175 
age of guinea-pig 176 
condition of guinea-pig 176 
sugar in medium 162, 175 
summary of experiments 179 
toxicity, relation to 173, 450, 462 
types of bacilli, variations in 130 
variations in, views on 174, 177 
water, of bacilli found in 320 
Virulent diphtheria-like bacilli 
to man 354 
to animals 
445 


291, 328, 354, 356, 370, 380, 


Water, diphtheria bacilli found in 320 
vitality in 171 

Well persons, diphtheria bacilli in 189 

Wesbrook’s types of bacilli 128 

White’s medium 151 

Wounds, diphtheritic infection of 375 


Xerosis bacillus 123, 363 
conjunctivae 364 


Yeasts, causing diphtheria-like lesions 395 
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